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ABSTRACT 
Though aquaculture is practiced since ages, it is only in recent years 
that it has gained importance as a major source of animal protein to 
compensate for the gradual decline in capture fishery. Efforts on these 
lines were initiated through intensification of traditional form of 
aquaculture by providing proper nutrition to the organism and practicing 
good feeding management. 
Among major nutrients required by fish, dietary lipids are highly favoured 
as rich source of energy and essential fatty acids (EFA). These actively 
participate in absorption of fat soluble vitamins and sterols, spare protein 
for growth purposes and act as lubricants during pellet feed manufacture. 
Dietary n-6 and n-3 fatty acids are essential for many fish species due 
to their inability to synthesize de novo. These fatty acids together with 
non-essential ones can be obtained through various sources such as 
marine and vegetable oils, beef tallow, etc., to fulfil the EFA and energy 
requirements. Essentiality and the required level of the n-6 and n-3 
fatty acids for fish depend mostly on environmental temperature and 
salinity. Excess of dietary lipid, either in the form of energy or EFA, was 
found to reduce grov^h, accumulate in fish body and cause undue 
alterations in the carcass composition leading to reduced storage life of 
the finished prpduct. Therefore, in previous works on lipid and EFA 
requirements in fish only desirable levels of the above nutrients were 
recommended in feed to give maximum growth but without excessive 
deposition of fat. 
Rearing of Indian major carps {Catia catla. Labeo rohita and Cirrhinus 
mrigala) and catfishes {Clarias batrachus and Heteropneustes fossilis), 
the prime cultivable fishes of Indian subcontinent, largely depends on 
natural food under extensive system with some supplementation of 
locally available agri-byproducts, slaughter-house waste, trash fish, etc. 
Information on the nutrition of these fish is far from complete for the 
preparation of balanced feed. Earlier work on these species mostly 
concerned with protein and energy requirements. In the present work, 
therefore, an attempt has been made to study some aspects of lipid 
nutrition of catfishes (C. batrachus and H. fossilis) and major carps {C. 
mrigala and L.rvhita) to fill in the paucity of information on the subject. 
The observations made are expected to contribute to the development 
of balanced feed for intensive culture of these fishes. 
In a series of experiments, casein-gelatin based diets were fed to 
evaluate the effects of varying lipid and fatty acid levels, and different 
oil sources, on growth, feed conversion, body and fatty acid composition 
of the above fish species. 
Iso-nitrogenous and iso-caloric casein-gelatin based test diets, with 
varying levels of lipid, were fed, in triplicate sets of each group, at the 
rate of 4 - 5% of tiieir body weight to young catfishes {C.batrae^us and 
H. fossilis) and major carps (C mrigala and L.rohita). Growth rate, feed 
conversion and carcass composition of these fishes were recorded. All 
the experiments were carried out in the indoor feed trial facility using 
circular troughs of 70 It capacity filled with groundwater in a flow-through 
system. Duration of each feeding trial was 6 weeks under natural 
photoperiod at 24-30" C water temperature and 6.2 ±1 ppm dissolvef^  
oxygen. 
Results indicate a dietary lipid requirement of 7-9% for C.batrachus 
(11.4 g; 10.5-12 cm) and 7% for H.fossllis (3.2 g; 7-9 cm) in a diet 
containing 40% CP with 18.2 kJ/g gross energy. These values 
correspond to a dietary carbohydrate to lipid ratio of 5. Feeding fish 
above 9% lipid had no growth enhancing effect but led to greater 
deposition of visceral fat. 
Growth rate and feed conversion were maximum, for C.mrigala (3.5 g; 
6-7.5 cm) at 7% dietary lipid (35% CP; 18.4 kJ/g, gross energy) and for 
L.rohita (1.25 g; 3-5cm) at 5% dietary lipid (40% CP; 18.3 kJ/g gross 
energy). These values correspond to a carbohydrate to lipid ratio of 8.3 
- 9.2. Addition of extra lipid (beyond 7%) led to progressive deposition 
of fat in carcass.The observed differences in cartx>hydrate to lipid ratio, 
indicate better utilization of carbohydrate by carps than catTishes. 
In another experiement, to study the effect of feeding varying levels 
and combination of fatty acids, young C. batrachus (10 g; 10-12 cm) 
and H.fossilis (4.9 g; 8-10 cm) were fed casein-gelatin based iso-
nitrogenous (40% CP) and iso-caloric (18.3 kJ/g, gross energy) diets 
containing either varying levels and combination of linoleic and linolenic 
fatty acid methyl esters or a mixture of 2:1 corn and cod liver oil. 
Triplicate sets of C.batrachus (10 each) and H. fossilis (15 each), stocked 
in 70 It flow-through circular troughs, were fed diets at the rate of 4% of 
their body weight/day for 8 weeks under natural photoperiod at 27 + 1 
°C water temperature and 6.2 ± 1 ppm dissolved oxygen. The effects of 
these diets on grovi^ h, feed conversion, and changes in muscle and 
liver fatty add composition of fish were recorded. Maximum gain in live 
weight, specific growth rate and best feed conversion ratio were 
observed in C.batrachus and H. fbssilis fed diets containing a mixture 
of com and cod liver oil. This was followed by the diet containing a 
combination of 1.5% linoleic and 1.0% linolenic acids which produced 
the highest growth and best feed conversion among treatment groups 
fed purified fatty acids. Fish fed with stearic acid alone had low weight 
gain and high feed conversion. Varying the dietary oil source had no 
influence on the carcass composition, gross energy and hepatosomatic 
index of the fish. Total fatty acid profiles of muscle and liver of these 
species reflected dietary fatty acids. Elongation and desaturation of linoleic 
and linolenic fatty acids to respective higher chain lengths was noticed in 
C. batrachus and H. fbssilis. Fingerlings of these two species grew better 
at a dietary combination of 1.5% 18:2 n-6 and 1.0% 18:3 n-3 fatty acids 
or at levels of 2.7% 18:2 n-6 with 0.6% n-3 highly unsaturated fatty 
acids provided by com and cod liver oil at 7% total dietary lipid inclusion. 
In a preliminary feeding trial, young H.fossilis (7.7 g; 9-11.5 cm) were 
fed iso-nitrogenous (40% CP) and iso-caloric (18.3 kJ/g, gross energy) 
casein-gelatin based diets, with varying oil sources such as com, cod 
liver, groundnut and sardine oils either singly or in combination, for 6 
weeks in 70 It flow-through circular troughs, under natural photoperiod 
at 2 6 1 1 <*C water temperature and 6.2 + 1 ppm dissolved oxygen. Live 
weight gain, specific growth rate and feed conversion ratio were the 
best in fish fed diets containing 2:1 mixture of vegetable and marine 
oils, than those fed d i^s containing these oils singly as a lipid source. 
Muscle fatty acid profile of fish fed com and groundnut oils, having 
higher amounts of n-6 fatty acids, showed accumulation of higher n-
6 fatty adds . Whereas, fish groups fed pure marine okX contained diets 
aocumuialed •tovatod leveli of ivS frtty acids in their muscle. 
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GENERAL INTRODUCTION 
Feed constitutes a major operating cost in rearing fish on semi-intensive 
or intensive scale. To optimize the fish culture operations and to meet the 
ever increasing demand for aquaculture products, it is essential that diets, 
which meet as near as possible the nutritional requirements for optimal 
economic production throughout the life cycle, be provided to the animal. 
Considering the need to develop formulae for manufacture of balanced 
feed, nutritional studies quantifying requirements began in early 50s, first 
on salmonids and later on warmwater fishes such as common carp, channel 
catfish, tilapia, yellowtail, eel, sea bream and sea bass. The information 
generated on the above subject has been extensively reviev^ed (Cowey 
and Sargent, 1972; 1979; Castell, 1979; Jauncey, 1982; NRC, 1983; 1993; 
Cho et al., 1985; Halver, 1979; 1989; Wilson and Halver, 1986; Hepher, 
1988; De Silva, 1989; 1991; Tacon, 1990; Hardy, 1991; Wilson, 1991; Satoh, 
1991; Shimeno, 1991; Helland et al., 1991; Luquet, 1991; Kissil, 1991; 
Arai, 1991; Boonyaratpalin, 1991; Singh, 1991; Kaushik, 1995; De Silva 
and Anderson, 1995). Based on the studies. Smith (1995) stated that 
the quality of feed and the manner in which it is used, through its 
influence on growth rate, have a substantial effect on the production 
capacity of the fami and its annual yield. 
Among major nutrients required by fish, dietary lipids are considered 
Important for, their role as a source of energy and essential fatty acids 
(EFA) for nonmal fish growth and survival. These are high energy storage 
molecules, containing approximately twice as many gross cal/g as 
protein and carbohydrate (Stickney. 1984) Being highly digestible, lipids 
are excellent source of non-protein energy that enable the fish to adapt 
to the changes in environmental factors and carry out the metabolic 
functions normally. Dietary lipids provide vehicle for the absorption of 
fat soluble vitamins and sterols. In addition, lipids in fish diet serve as 
reserve energy storage, insulation for the body, cushion for the vital 
organs and maintain neutral buoyancy (NRC, 1983; Pillay, 1990; Tacon, 
1990). 
Phospholipids and sterol esters in fish diet play a vital rote in the 
structure of biological membrane both at cellular and sub-cellular level. 
Also, long chain polyunsaturated fatty acids are precursors for 
prostaglandins in fish, which exhibit hormone like activities (NRC, 1983). 
From feed technology point of view, lipids act as lubricants for the 
passage of feed through pellet dies, reduce dustiness of feed and 
increase its palatability (Tacon, 1990). Lipids impart flavour and textural 
properties to feed consumed by the fish (NRC, 1983). 
The use of lipid, as a source of energy and essential fatty acids and 
their metabolism has been reviewed by a number of workers (Lee and 
Sinnhuber, 1972; Cowey and Sargent, 1979; Castell, 1979; Watanabe, 
1982; Jauncey, 1982; NRC, 1983; 1993; Stickney. 1984; Cho et al., 
1985; Kanazawa, 1986; Greene and Selivonchick, 1987; Sargent et 
al., 1989; Lovell, 1989; Stickney and Hardy, 1989; Tacon, 1990; De 
Silva and Anderson, 1995). Though fish can synthesize much of their 
required lipid, there has always been a requirement for certain level of 
lipid in diet as a source of energy to spare protein for growth purposes. 
Cowey and Sargent (1979) stated that 10-20% lipid can be added in 
fish diets for excellent results vt^ile Stickney (1984) maintained that 
10% of the dietary lipid may suffice. However, there has always been a 
demand for lipid levels that make protein utilization optimal and Increase 
growth rates with no undesirable gross alterations in carcass 
composition. Dietary lipids are most favoured source of energy for 
warmwater fish such as catfish (Stickney, 1984; Akand et al., 1991) 
and carp (Jauncey, 1982). The influence of varying dietary lipid levels 
on the growth and body composition of fish has been reported by several 
workers (Stickney and Andrews, 1972; Lee and Putnam, 1973; Buckley 
and Groves, 1979; Reinitz and Hitzel, 1980; Bromley, 1980; Gatlin and 
Stickney 1982; Williams and Robinson, 1988; Ellis and Reigh, 1991; 
Hanley, 1991; Zhang et al., 1994; Arzel et al., 1994). A knowledge on 
the lipid requirement of fish seems essential for optimal lipid inclusion 
in diet. Sparing of dietary protein for growth by suitable levels of dietary 
lipid, without depositing excessive lipid in the body, has been examined 
In many fish species (Cowey and Sargent, 1979; Watanabe, 1982; 
Sargent et al., 1989; De Silva et al., 1991). 
Dietary lipid in excess may result in the production of fatty fish, having a 
deleterius effect on its flavour, consistency and storage life (Hanley, 
1991). In most practical fish rations lipid level is kept low to prevent 
excessive accumulation of visceral adipose tissue, resulting in less 
dress out percentage, and to avoid problems associated with feed quality 
(Reinitz and Hitzel, 1980). 
Fish lipids are characterised by the presence of high amounts of n-6 and rv-
3 long chain polyunsaturated (PUFA) and highly unsaturated fatty acids 
(HUFA) constituting upto 1/3rd of the fatty acids (Benitez, 1989). These 
fatty acids play important role in preventing human heart related 
problems. As a result a renewed research Interest has emerged in fish 
as a source of n-3 HUFA (Stickney and Hardy, 1989). 
Fatty acids in fish mostly belong to oleic (n-9), linoleic (n-6) and linolenic 
(n-3) groups. Fish do not have the ability to synthesize n-6 and n-3 fatty 
acids. Therefore, these essen tial fatty acids need to be provided in 
fish feed for good health, normal growth and survival (Castell, 1979; 
Kanazawa, 1985; De Silva and Anderson, 1995). Dietary n-6 and n-3 
fatty acids, along with n-9 group, often undergo a process of enzymatic 
desaturation and elongation to form respective long chain derivatives, 
in order to meet the metabolic needs of fish. The ability of fish to elongate 
and desaturate these fatty acids and the essentiality vary with species 
(Stickney and Hardy, 1989). Warmwater fish appear to require n-6 or a 
mixture of both n-6 and n-3 fatty acids while coldwater or marine fish 
are satisfied by n-3 fatty acid series in their diet (Castell, 1979; Lovell, 
1989; Hepher. 1989; Benitez, 1989). This variation might be due to the 
differences in environmental temperature and salinity, with n-3 structure 
offering greater degree of unsaturation necessary to maintain flexibility 
and permeability of membrane phopholipids in coldwater fish. PUFA in 
fish act as precursors for prostaglandin production, help in enzyme 
activation, and in other metabolic and physiological activities (NRC, 
1983; Stickney and Hardy, 1989). Besides, these are components of 
phospholipids involved in transport of other lipids (Sire et al.,1981). 
Essentiality and the requirement of n-6 and n-3 fatty acids in fish have 
been extensively reviewed (Castell, 1979; Watanabe, 1982; 
Jauncey,1982; Kanazawa, 1985; Greene and Selivonchick, 1987; 
Sargent et al., 1989; Stickney and Hardy, 1989; Tacon, 1990; De Silva 
and Anderson, 1995). The n-6 and n-3 fatty acid requirement levels in 
fish have been found to vary from species to species (Satoh et al., 
1989 a; Santha and Gatlin, 1991) ranging from 0.5 to 2.0% of dry diet 
(NRC, 1983). Higher level of short chain PUFA requirement can be 
brought dov»m by feeding long chain (n-3) PUFA such as C20:5 (n-3), 
C22.5 (n-3) or C22:6 (n-3) to 0.5% of dry diet (De Silva and Anderson, 
1995). The EFA requirement seem to be dependant on the level of 
dietary lipid. Rainbow trout v i^th high dietary lipid as energy source has 
a high EFA requirement while channel catfish or common carp with low 
lipid as a dietary energy source have low EFA requirement (Cho et al., 
1985). 
Feeding fish higher than the required levels of n-6 and n-3 fatty acids 
result in poor growth (Stickney and Andrews, 1971; 1972; Takeuchi 
and Watanabe, 1979; Stickney and Hardy, 1987). Competetive inhibition, 
among oleic, linoleic and linolenic fatty acids, has also been observed 
if improper ratios of these are present in fish diet (Takeuchi and 
Watanabe, 1977; Yu and Sinnhuber, 1975; Stickney et al., 1983; 
Stickney and McGeachin, 1983). 
Deficiency of the essential fatty acids in fish diet leads to reduced growth, 
poor feed efficiency, increased mortality, elevated muscle water content 
and 20:3 n-9, unusual conditions of heart, caudal fin erosion, shock 
syndrome, metabolic and structural disturbances (Castell et al.. 1972 a 
and b; NRC, 1983). Some of these manifest over an extended period of 
time, particularly in freshwater fish, to become severe (Lall and Bishop, 
1979; NRC, 1983). 
Fatty acid composition of cultured fish can be altered to the nutritionally 
desirable state by manipulating dietary fatty acid levels using a variety 
of sources like terrestrial and marine oils, containing variable fatty acid 
composition. Combination of suitable kinds of oil have often influenced 
fish productivity and product quality (Nematipour and Gatlin, 1993). 
Studies carried out so far, on salmon (Hardy et al., 1979; 1987; Mugrditchian 
et al., 1981; Dosanjh et al., 1984; 1988; Thomassen and Rosjo, 1989), 
rainbow trout (Reinitz and Yu, 1981; Boggio et al., 1985; De la Hoz et al., 
1987; Greene and Selivonchick, 1990), sunshine bass (Nematipour and 
Gatlin, 1993) sea bass (Borlongan and Parazo, 1991) eel (Abrami et al., 
1992), channel catfish (Stickney and Andrews, 1971; Yingst and Stickney, 
1979) and common carp (Schwarz et al., 1988), were aimed at examining 
the effect of dietary vegetable, animal or marine oils either singly or in 
combination, on growth rate, nutrition, fatty acid composition, flavour, 
storage stability, etc., in these fish. Dietary energy and the EFA needs 
of fish have been taken care of by these authors while feeding n-6/n-3 
fatty acid combinations. 
Vegetable oils like soybean, linseed, canola, safflower, olive, etc., 
characterised by the presence of either linoleic or linolenic fatty acids, 
have been used in conjunction with animal fats as alternative source to 
replace costly marine oils (Hardy et al., 1987; Dosanjh et al., 1984; 1988; 
Greene and Selivonchick, 1990; Nematipour and Gatlin, 1993). Appropriate 
marine (manhaden, herring, salnrKHi, etc.) oils with high amounts of n-3 
PUFA, have been included in diets to meet the EFA needs of the fish, 
while saturated fats like beef tallow or pork lard have been added in 
fish diet to meet energy requirements and act as inert dilutants to reduce 
oxidation and stabilize the product (Mugrditchian et al., 1981; 
Argyropoulou et al., 1992). Use of different oils in these studies was 
primarily based on finding alternatives that are acceptable, less 
expensive and easier to obtain for inclusion in fish diet for better results. 
The n-3 PUFA from fish are considered to be important in human nutrition 
due to their therapeutic role in reducing certain cardiovascular disorders 
(Lands, 1986; Stickney and Hardy, 1989; Sargent et al., 1989). With 
the possibility of enhancing n-3 or n-6 fatty acids in edible portion of 
farm raised fish by dietary modification (Hardy et a!., 1987) it is now 
technically possible to produce fish of good nutritional quality with tailor-
made total n-6 / n-3 composition in its body, thus meeting the human 
health requirements. 
Asia, historically a cradle of aquaculture, is the largest aquaculture 
producer at present, accounting for nearly 85% of global production 
(FAO, 1990). However, it still depends, to a large extent, on the extensive 
or semi-intensive culture practices. Because of the increasing 
competition for primary resources such as land and water, to be cost-
effective, culture practices need to be intensified to varying degrees, 
mainly by increasing levels of supplementary feeding and improving 
the feeding management (De Silva and Davy, 1992). The on-going 
unpredictable pattern and decline in capture fishery, on the whole, has 
further necessitated to pay adequate attention to produce more from 
aquaculture. Intensification of aquaculture, as a means to achieve more, 
to a great extent depends on the relationship and importance of feeds 
and feeding. In other words, increased focus on aquaculture nutrition is 
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warranted. Lai I (1991) has stated that proper nutrition is one of the 
Important factors in Influencing the ability of fish to attain genetic 
potential for growth, reproduction and longevity. Likewise, the role of 
nutrition research and the development of supplementary / complete 
feeds for cultivable fishes has been highlighted by Wang and Dehadrai 
(1992). 
Despite the availability of vast water resources, the candidate species, 
the feed raw materials and the required manpower, India Is yet to tap 
its potential to the fullest for the development of aquaculture. At the 
current level of 4.7 million MT of fish produced, per capita availability of 
the country Is around 3 kg/annum, as against stipulated minimum of 11 
kg/annum. To provide this minimal per capita requirement, It is projected 
that India would require 13 million MT of fish with 7 million MT from 
aquaculture alone. Progress towards intensification of aquaculture 
practices in India is being affected by the non-availability of practical 
feeds precisely tuned to the nutritional needs of the concemed species. 
Jhingran (1991) has advocated for proper nutrition of the fish in light of 
the aquacultural practices prevalent in India in order to intensify and 
produce more. 
Among variety of candidate species for freshwater fish culture in India, 
major carps {Catia cat/a, Labeo rohita and Cirrhinus mrigala) and air-
breathing catfishes {Clarias batrachus and Heteropneustes fbssilis) are 
considered to be highly suitable due to their easy adaptability to 
supplementary feeding and efficient ability to convert food to flesh. 
The latter, in particular, bearing accessory respiratory organs can be 
cultured under high stocking density, utilizing the naturally available 
shallow and swampy, fresh and brackishwaters (Thakur, 1991). Fanning 
of these fish at present largely depends on natural food, with some 
supplementation of locally available feedstuffs such as agriculture by-
products, slaughter-house waste, trash fish, etc., under extensive culture 
system. 
Studies on Indian major carp nutrition, to date, mostly dealt with protein, 
energy, and, to some extent the essential amino acid requirements 
(Renukaradhya and Varghese, 1986; Sen et al., 1978; Singh et al., 1987; 
Singh and Bhanot, 1988; Mohanty et al., 1990; Das et al.. 1991; Ravi and 
Devaraj, 1991; Khan and Jafrl, 1991; 1993; Erfanullah and Jafri. 
1993;Hassan and Jafri, 1994; Hassan et al., 1995; Seenappa and 
Devaraj, 1995).Information on catfish nutrition also remained confined 
to their protein and energy requirements (Mukhopadhyay et al. 1986; 
Chuapoehuk, 1987; Akand et al., 1989; 1991; Khan and Jafri, 1990; 
Jantrarotai et al., 1994). A preliminary observation on the growth 
response of H.fossilis to varying lipid levels has been made by Anwar 
and Jafri (1992). Other studies on Indian cultivable fish aimed at testing 
the effect of feeds, compounded with locally available rawmaterials, on 
growth (Niamat and Jafri, 1984; Swamy et al., 1988; Hasan et al., 1989; 
1990) and their digestibility (Singh, 1992; Jafri and Anwar. 1995). 
Little Is known on the lipid and fatty acid requirements of Indian cultivable 
fish. The present study was undertaken as an attempt to fill in the 
paucity of Information on the lipid nutrition of selected fish species, 
namely C. batrachus. H. fossilis. C. mrigala and L. rohita, and the 
information generated is presented in the fomri of this thesis. 
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The information would be useful in developing practical diets for semi-
intensive/intensive culture of these fishes. Also, the changes in body 
composition of fish with levels of lipid and fatty acids fed will lead to 
better understanding of lipid utilization by these fishes. 
The thesis consists of two parts: 
Part I deals with the effect of varying lipid levels on growth, feed 
conversion, nutrient retention and muscle / carcass composition of the 
catfishes, C.batrachus and H.fossilis and the Indian major carps, 
C.mrigala and L rohita. 
Part II contains informtion on the growth response and fatty acid 
composition of the catfishes, C. batrachus and H. foss///s,fe6 varying 
levels and combination of fatty acids, and different dietary oil sources. 
GENERAL METHODOLOGY 
I. Source of fish stock / acclimation 
Induced bred fry and fingerling of Indian major carps, Labeo rohita and 
Cirrhinus mrigala, were procured from Uttar Pradesh Fish Seed 
Cooperative Production Center, Kolahar, India. These were transported 
in oxygen filled polythene bags to the research station and given a 
prophylactic dip in KMnO^ solution (1:3000) and stocked in outdoor 
earthem pond (12 x 6 x 1.5 m). Fishes were fed twice daily at 0800 and 
1600 h the compounded diet (35% CP), consisting of a mixture of 
soybean and mustard oil cake, wheat bran and fish meal. At the 
beginning of the experiment, desired number of fishes of required size 
were transferred to wet laboratory and acclimated to casein-gelatin 
based (H-440) diets for two weeks in 70 It polyvinyl circular troughs 
supplied with groundwater in a flow-through system (1.0-1.5 l/min). 
Young Clarias batrachus and Heteropneustes fossilis, obtained from 
local fish market of Aligarh (Lat 27°34'30" N, Long 78M'26" E), were 
given a dip in KMnO^ solution (1:3000) and stocked in outdoor cement 
cistems (1x1x1 m) supplied with groundwater. A water volume of 700 It 
was maintained with an exchange rate of 1 l/min. During a 2-week 
acclimation fish were fed low quality minced meat till satiation at 1600 h 
and later restocked in wet laboratory for acclimation to the experimental 
diets. 
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I I . Preparation of experimental diets 
Experimental diets were prepared following the method of Halver (1989). 
Casein-gelatin diets were formulated for various experiments based on 
the known protein requirement of each species. Calculated quantities of 
dietary ingredients were weighed on a sensitive electronic balance (Precise 
120 A). A known amount of water was then taken in a stainless steel 
attachment of Hobart electric mixer and heated to 80° C on a water bath. 
Gelatin was dissolved into it with slow stirring and heating followed by the 
addition of dextrin and mineral mix, and the contents blended using a Hobart 
mixer while still in lukewarm state. This was followed by the addition of 
remaining dietary ingredients like casein, oil and vitamin mix. Cartx>xymethyl 
cellulose was added in the last. The diet on obtaining a bread dough like 
consistency was poured into a teflon coated pan and placed into a 
refrigerator to jell. 
The prepared diet in the form of moist (50%) cake was cut into small cubes, 
and stored at -20° C in air tight containers. The composition of mineral 
and vitahfiln premix (Table 1 and 2) was the same as given by Halver 
(1989). 
III. Feeding trial 
Fish of the desired size and number were sorted out from the acclimated 
lot and stocked in triplicate groups in 70 It polyvinyl circular troughs provided 
with continuous flow of groundwater. The water exchange rate in each trxHjgh 
was maintained at 1.0-1.5 l/min. Each moming, before the commencement 
of feeding, the fecal matter was siphoned from the experimental trxxjghs. 
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The feeding schedule and the level were chosen after carefully observing 
the dietary intake and feeding behaviour of fish. A natural photoperiod 
was maintained throughout the feeding trial. 
Diets were fed in the form of moist cake twice daily at 0800 and 1600 h for 
the duration of the growth trial, either till satiation or at a total rate of 4-5% 
of their body weight. Uneaten food, if any, was filtered over a screen soon 
after the active feeding, dried and weighed to measure the amount of food 
consumed. Weekly mass weight of fish was taken on a sensitive top pan 
balance and the level of feeding adjusted accordingly. Before weighing, 
fish were anaesthesized with Ayerst's Finquel (Tricaine methanesulphonate, 
1:10,000). No feed was given on the day of weekly measurement, when a 
thorough scrubbing with hard nylon brush and cleaning of each trough 
with jet of water was carried out. A record of the water temperature and 
dissolved oxygen was maintained. Further details relating to feeding trial 
have been spelt out in specific chapters. 
IV. Proximate analysis 
Proximate composition, with the exception of crude protein, in the 
experiemental diets and the carcass / muscle was done in triplicate using 
the AOAC (1984) standard techniques. Cmde protein was determined 
using a slight modification of Wong's micro-kjeldahl method (Jafri et al.. 
1964). 
i. Estimation of moisture 
A weighed quantity of finely ground/homogenized sample was taken in a 
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pre-weighed glass weighing bottle and kept in a hot air oven at 100° C 
for 24 hours. Later, the weighing bottle was cooled in a desiccator and 
reweighed. The entire process was repeated till two successive 
weighings produced least difference in weight, and the loss in weight 
expressed in percentage. 
ii. Estimation of crude protein 
Crude protein was estimated using a slight modification of Wong's micro-
kjeldahl method, as adopted by Jafri et al. (1964). The principle involved 
digesting a known quantity of sample with N-free sulphuric acid in 
presence of saturated potassium persulphate solution which converts 
the nitrogenous compound to ammonium sulphate. This was then 
nesslerized and the colour developed due to the formation of NHgjI 
was measured spectrophotometrically. The optical density obtained was 
read against a standard curve of NH^SO^ for nitrogen estimation. 
Nitrogen content was multiplied with conventional protein factor (6.25) 
to obtain the amount of crude protein. 
A weighed quantity (0.1 - 0.5 g) of finely ground, dried sample was taken in 
a kjeldahl flask containing 5 ml of dilute N-free sulphuric acid (1:1) and 
heated till fumes stop evolving profusely. After cooling, 0.5 ml saturated 
potassium persulphate was added to the content and heating continued till 
the solution became water clear. After cooling, the digested mixture was 
transferred to a 50 ml volumetric flask and made to volume with double 
distilled water. A 0.5 ml aliquot of the above was taken in a test tube 
and 0.1 ml each of the dilute sulphuric acid (1:1) and saturated 
potassium persulphate added to it. The volume was raised to 3 mi with 
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distilled water. The solution was then nesslerized, using 7 ml of Bock 
and Benedict's Nessler reagent (Oser, 1965), mixed well and allowed 
to stand for 10 min before measuring the absorbance at 480 nm. A 
micro processor controlled split-beam spectronic 1001 
spectrophotometer (Milton Roy Company, USA) was used. A blank was 
prepared side by side by replacing the aliquot with 0.5 ml double distilled 
water. The amount of nitrogen was obtained by reading the absorbance 
against a standard calibration curve (Fig. 1), prepared by plotting 
absorbance values against graded concentration of ammonium sulphate. 
The nitrogen value was multiplied with 6.25 to obtain the amount of 
crude protein. 
iii. Estimation of crude fat 
Crude fat was quantified using the soxhiet exhaustive extraction technique 
with petroleum ether (40-60° C BP) as solvent. A weighed quantity of dry 
powdered sample (2-3 g) was taken in a Whatman fat extraction thimble, 
plugged with cotton and placed in the soxhiet apparatus. A clean, dry soxhiet 
receiver flask was weighed and fitted to the soxhiet assembly on a boiling 
water bath for extraction which was continued for 8 hours. After extraction, 
the flask was removed and kept in hot air oven (100° C) to evaporate the 
traces of solvent. It was then transferred to a desiccator, cooled and 
reweighed. From the increase in the weight of the flask, the quantity of the 
crude fat extracted was calculated and expressed in percentage. 
iv. Estimation of ash 
Two to five grams of the powdered dry sample was taken in a pre-weighed 
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silica crucible and incinerated (600° C) in a muffle furnace for 2 h. The 
crucible containing the ash was then cooled in a desiccator and 
reweighed to calculate the percentage of ash in the sample. 
V. Estimation of crude fiber 
Crude fiber was measured as loss on ignition of dried residue, remaining 
after digestion of sample with standard solution of sulphuric acid and sodium 
hydroxide under specified conditions (AOAC, 1984). 
Two grams of the dry powder, fat-free sample was taken in a spoutless 
conical flask and 200 ml of 1.25% boiling sulphuric acid added to it. The 
contents were boiled for 30 min, removed from heating and filtered over 
a scintered funnel. Broken alundum crucible chips were added to prevent 
bumping. The residue in the scintered funnel vt/as washed with boiling water 
thrice and again transferred to the conical flask. To this was added 200 ml 
sodium hydroxide (1.25% w/v) solution and the content boiled for another 
30 min. At the end of k>oiling, the mixture was filtered, and the residue 
washed with boiling 1.25% sulphuric acid and subsequently vtnth boiling 
water. To remove traces of water, the residue was washed thrice with 
elthanol, transferred to a silica crucible and dried (IIO" C) to a constant 
weight. It was then allowed to cool in a desiccator, weighed and incinerated 
at 600" C for 2 h in a muffle furnace. After complete ashing, the crucible 
was cooled in a desiccator and reweighed to calculate the percentage 
of crude fiber. 
vj. Estimation of N-free extract 
Nitrogen free extract was calculated by difference. 
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V. Estimation of gross energy 
Gross energy was determined by direct calorimetry. A known quantity of 
finely ground, dried sample was taken in a metallic crucible and compacted 
to a pellet. Combustion was carried out on a ballistic bomb calorimeter 
(Gallenkamp and Loughborough, Co Ltd., Loughborough, England). Before 
carrying out the energy estimation, the calorimeter was calibrated by using 
thermochemical grade benzoic acid (6.32 kcal / g). 
Vi. Fatty acid analysis 
i. Extraction of total lipid 
Total lipid extraction in the muscle and liver of fish was done as per the 
method given by Folch et al. (1957). A 2:1 (v/v) chloroform: methanol 
mixture was used for the extraction of total lipid followed by Folch wash. 
One gram of tissue sample was homogenized for 1 min with 10 ml of 
methanol followed by an addition of 20 ml of chloroform, and the process 
continued for 2 min. The mixture was then filtered and the solid residue 
resuspended in chloroform-methanol (2:1 v/v, 30 ml) and homogenized for 
3 min. After filtering, the solid was washed once with chloroform (20 ml) 
and then with methanol (10 ml). The combined filterates were transferred 
to a measuring cylinder. To these was added 0.88% potassium chloride, 
measuring one quarter of the total volume, and the mixture shaken 
thoroughly and allowed to settle. The upper layer was removed by 
aspiration. One quarter volume of water-methanol mixture (1:1)was 
added to the remaining lower layer and the washing procedure 
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repeated.The bottom layer containing purified lipid was filtered, the 
solvent removed using a rotary evaporator and the lipid stored in a 
small volume of chlorofonn at -20° C for further analysis. 
ii. Preparation of methyl ester 
From the above sample chloroform was evaporated and the total lipid 
used for preparation of methyl ester by trans-esterification, following the 
method of Metcalfe et al. (1966). The total lipid sample was taken in a 
screw capped glass tube mixed with 4 ml of 0.5 N methanolic NaOH, sealed 
under nitrogen and heated over a boiling water bath for 5 min. To these 
5 ml of 14% BF3 methanol was added and boiled under nitrogen filled 
tube for 5 min. After cooling, the contents were extracted with saturated 
NaCI and diethyl ether using a separating funnel. The extract was washed 
several times with water and passed over anhydrous sodium sulphate. 
Evaporation of the solvent was carried out on rotary evaporator. The methyl 
ester thus obtained was sealed in a glass vial under vacuum. Thin 
layer chromatography plates coated with silica gel G were used to test 
the completion of methylation in the lipid sample. A combination of 
hexane, diethyl ether and acetic acid (80:20:2 by volume) was used to 
separate the lipid and methyl esters. Iodine vapour was used to develop 
the plate. 
Gas chromatography was carried out at Central Drug Research Institute, 
Lucknow, India, using a Hewlett Packard 5890 gas chromatograph equipped 
with a fused silica capillary column(50 m x 0.2 mm I.D.) containing 
cross linked methyl silicon with helium as carrier gas. Fatty acid 
standards from Sigma Chemical Co., U.S.A., were used for comparison 
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of retention time and the area (%) of each fatty acid calculated. 
VII. Assessment of growth and conversion 
efficiencies 
Calculation of growth parameters, feed conversion and protein efficiency 
ratios, and nutrient retention were made according to following standard 
definitions (Hardy, 1989; Hanley, 1991). 
i. Percent gain in live weight = 100 x (BW, - BW.) / BW. 
Where, BW. and BW, are the average initial and final 
body weight (g) of fish. 
ii. Specific growth rate (%) 
= 100 X Log^ final weight (g)- Log Jnitial weight / 
duration (days) 
iii. Feed conversion ratio 
= Dry weight of food offered / wet weight gain (g) 
iv. Protein efficiency ratio = Wet weight gain (g) / 
protein fed (g, dry weight basis) 
V. Percent protein deposition 
= 100 X (carcass protein content at the end of the 
experiment) - (carcass protein content at the start of the 
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experiment)/protein consumed. 
vi. Percent gross energy retention 
= 100 X (carcass gross energy content at the end of the 
experiment) - (carcass gross energy content at the start 
of the experiment) / gross energy consumed. 
vii. Hepatosomatic index 
= Liver weight (g) / body weight (g) x 100. 
VIII. Statistical analysis 
The data were analysed statistically using one way analysis of variance 
(Snedecor and Cochran, 1967) and Duncan's multiple range test (Duncan, 
1955) or Tukey's test (Sokal and Rohlf,1981) to test the differences 
between the means. A significance level of P < 0.05 was used. 
Correlation coefficient between dietary and carcass nutrients was also 
calculated whereever necessary. 
Table 1. Composition of mineral mixture* 
Minerals g/100g 
Calcium biphosphate 13.48 
Calcium lactate 32.40 
Ferric citrate 2.97 
Magnesium sulphate 13.70 
Potassium phosphate (Dibasic) 23.86 
Sodium biphosphate 8.72 
Sodium chloride 4.35 
Aluminium chloride.eHjO 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Manganous sulphate.H^O 0.080 
Cobalt chloride.SHjO 0.100 
Zinc sulphate.7H20 0.300 
*Halver(1989) 
Table 2. Composition of vitamin mixture' 
Vitamins g/100 g 
Choline chloride 
Inositol 
Ascorbic acid 
Niacin 
Calcium pantothenate 
Riboflavin 
Menadione 
Pyridoxine, HCI 
Thiamin, HCI 
Folic acid 
Biotin 
OC - Tocopherol acetate 
Vitamin B,^  ** 
0.500 
0.200 
0.100 
0.075 
0.050 
0.020 
0.004 
0.005 
0.005 
0.0015 
0.0005 
0.040 
0.00001 (0.5 ml) 
Halver(1989) 
(10 mg/500 ml H.O) 
^.ir 
0.2 O.U. 0.6 OS 1.0 1.2 I.U. 
Nitrogen Concentration 
Fig.1 Calibration curve of nitrogen 

CHAPTER I 
EFFECT OF DIETARY LIPID LEVELS ON 
GROWTH, FEED CONVERSION, AND MUSCLE 
COMPOSITION OF THE WALKING CATFISH, 
CLARIAS BATRACHUS" 
Introduction 
The role of lipid as a source of energy and its importance in various 
physiological processes of fish have been well recognized (Greene and 
Selivonchick, 1987; Sargent et al., 1989). Being high energy molecules 
lipids contribute greatly to the energy levels even present in relatively low 
quantities in diet. In addition, the use of lipid as lubricant in pellet feed 
manufacture to reduce dustiness and increase palatability has been 
described by Tacon (1990). Excess dietary lipid is poorly digested and 
assimilated. It may also result in the production of fatty fish, ultimately 
having a deleterius effect on flavour, consistency and storage life of the 
finished product (Hanley, 1991). Physiological disordes.such as fatty 
infiltration of the liver and poor growth, are occasionally linked to high 
fat content in diets (Piper et al., 1989). The amount of fat may also 
affect the quality (water stability) of the pelleted feed (Lovell, 1980). 
Walking catfish, Clarias batrachus, is a rapid-growing species cultured 
extensively in many countries in Asia. In India, walking catfish are a 
valuable food fish, and it has been projected that the present production 
of 3645 kg/ha/year can be increased to 35000 kg/ha/year by feeding 
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nutritious diet (Thakur, 1991). 
Earlier work on the nutritional requirements of this species related mostly 
to protein, energy (Mukhopadhyay et a!., 1986; Chuapoehuk, 1987; 
Khan and Jafri, 1990; Hassan and Jafri, 1994) and carbohydrate to 
lipid ratios (Jantrarotai et al., 1994). The present study investigated the 
effect of dietary lipid levels on growth, feed conversion and muscle 
composition of Clarias batrachus. The information generated through 
this study is considered important for application to the development of 
diets for the intensive culture of this species. 
Materials and Methods 
From the stock maintained In outdoor cement cisterns C. batrachus 
were transferred to the wet laboratory and acclimated to H-440 (Halver, 
1989) purified diet for two weeks. Casein-gelatin based iso-nitrogenous 
(40% CP) experimental diets were prepared (Table 1) with graded (3, 
5, 7, 9, 11 and 13%) levels of lipid (2:1 com oil and cod liver oil). The 
protein level in the diets was fixed on the basis of the known requirement 
of the species (Khan and Jafri, 1990). Estimated dietary gross energy 
ranged from 18.0 to 18.4 kJ/g, and the P/E ratio was 21.61 + 0.17 mg 
CP/kJ. Details of the composition of mineral and vitamin premix, and 
the method of preparation of the experimental diets are given in general 
methodology (see page 12). 
Fish (10.5 - 12.0 cm), selected from the acclimated lot, were stocked In 
triplicate groups of 15 fish each into 70 It polyvinyl circular tanks supplied 
with groundwater in a flow-through (1.0-1.5 l/min) system. The fish were 
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fed the experimental diet to satiation in the form of moist cake, twice 
daily at 0800 and 1600 h, six days a week. The feed trial was conducted 
for six weeks under natural photoperiod. Water temperature and the 
dissolved oxygen during the trial were 29 + 1 °C and 6.2 + 1 ppm, 
respectively. The troughs were scrubbed and cleaned weekly. 
At the beginning of the feeding trial, triplicate samples of three fish were 
randomly sampled for determination of the initial proximate composition of 
muscle tissue. At the conclusion of the study, muscle tissue of three fish 
from each tank was blended together and analysed for proximate 
composition. Determination of proximate composition and gross energy 
of the diet and muscle tissue and calculation of various growth parameters 
was done using standard methods described in general methodology (see 
pages 13-20). 
One-way analysis of variance (P < 0.05) and Tukey's test (Sokal and Rohlf, 
1981) were performed to test the differences between dietary treatments. 
Correlation coefficient between the dietary lipid and changes in muscle, 
liver and visceral lipid content were also calculated. 
Results 
Significant differences were found in the live weight gain of fish fed 
different levels of dietary lipid. Growth of fish, in terms of average live 
weight gain, increased with dietary lipid up to 7% lipid incorporation 
(Table 2). The overall growth of fish at this level of lipid In the diet, over 
the 6-week feeding trial, was 192% (Fig.1). Specific growth rate (SGR 
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%) was found to be higher at 7% dietary lipid inclusion. Significant 
differences were observed in feed conversion at different levels of 
dietary lipid and ranged between 1.78 to 2.20, with the best feed 
conversion in fish fed 7% and 9% dietary lipid. Protein efficiency ratio 
and percent muscle protein deposition were high in fish groups receiving 
7 and 9% lipid in their diet (Fig.2). 
Moisture content in the muscle varied from 77-79%, maintaining a 
negative correlation (r = -0.76) with muscle lipid (Table 3). Mean values 
of protein and lipid contents in the muscle ranged between 15.4 - 17.3% 
and 1.3-2.8%, respectively. The amount of muscle lipid was found to 
be positively correlated (r = 0.89) to the dietary lipid, the highest muscle 
lipid concentration occurring in fish fed 13% dietary lipid. Muscle 
moisture, ash, and gross energy did not show any significant differences 
between different dietary treatments. Increased dietary lipid also resulted 
in greater accumulation of liver lipid (Table 4). The maximum (27%) 
lipid in the liver tissue coincided with the highest (13%) lipid intake (r = 
0.87). Visceral fat, deposited mostly around the intestine, likewise 
increased with the dietary lipid intake (r = 0.86) to a maximum of about 
37% in fish fed 13% lipid. The hepatosomatic index (HSI) did not vary 
significantly among the test groups and ranged between 1.46 to 1.78. 
Discussion 
Walking catfish fed 7-9% lipid in diet utilized feed optimally, In temis of 
growth, feed conversion and percent muscle protein deposition, without 
depositing excessive muscle lipid. In fishes like channel catfish, Ictalums 
punctatus (Dupree, 1969; Stickney, 1984), rainbow trout, Salmo 
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gairdneri {ys/aXanabe et al., 1979; Reinitz and Hitzel, 1980), red drum, 
Sciaenops ocellatus (Williams and Robinson, 1988; Ellis and Reigh, 
1991; Serrano et al., 1992) and stinging catfish, Heteropneustes fbssilis 
(Akand et al., 1991) dietary lipid in the range of 6-11% has been reported 
to be optimal for growth. Hanley (1991) concluded that diets with low 
and medium lipid (5-9%), containing 29-34 mg CP/kJ digestible energy, 
are adequate to meet the requirement for protein and energy in Nile 
tilapia, Oreochromis niloticus. Reduced weight gain of fish, as observed 
in the present study, with higher levels of dietary lipid was also 
demonstrated in channel catfish (Dupree, 1969; Andrews et al., 1978; 
Santha and Gatlin, 1991) and red drum (Williams and Robinson, 1988). 
The reduction in the growth of C. batrachus at higher (above 9%) dietary 
lipid inclusion may be the result of a decrease in the ability of fish to 
digest and assimilate high levels of lipid or an imbalance in fat/protein 
energy ratio. Though optimum levels have not yet been determined for 
many fish species, Pillay (1990) maintained that higher lipid levels do 
not appear to result in higher fish growth, and that most aquaculture 
diets contain less than 10% lipid mainly to avoid processing problems. 
Feeding C. batrachus on diets with high carbohydrate and low lipid 
level, but identical protein and energy density, resulted in low growth 
and poor conversion efficiencies. It appears that in this species the 
utilization of carbohydrate is limited. Ellis and Reigh (1991) and Serrano 
et al. (1992) noted reduced growth, feed efficiency, and protein and 
energy retention in juvenile red drum when fed a low lipid and high 
carbohydrate diet. It has been reported that up to a level of 25 percent 
inclusion, carbohydrate in the diet of channel catfish, rainbow trout and 
plaice, was as effective an energy source as fat (Cowey and Sargent, 
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1972). In general, most of the successful feeds for wannwater fish contain 
30 percent carbohydrate as the energy source (Plllay, 1990). In C. 
batrachus, diet with a carbohydrate to lipid ratio of 4.9 (diet III) was 
found most effective in achieving maximum weight gain and best feed 
conversion. A comparable carbohydrate to lipid ratio 3.83 - 11.24 in 
hybrid Clarias sp. (Jantrarotai et al., 1994) and 4.5 in channel catfish 
(Garling and Wilson, 1977) was found most productive. 
Increased muscle lipid deposition, as noted in walking catfish fed diets 
containing higher levels of lipid, has been reported in species like rainbow 
trout (Lee and Putnam, 1973), channel catfish (Garling and Wilson, 1977; 
Santha and Gatlin, 1991), red drum (Williams and Robinson, 1988; Ellis 
and Reigh, 1991; Serrano et al., 1992) and Nile tilapia (Hanley, 1991). 
Visceral fat tended to increase in fish fed diets containing higher 
percentages of lipid. This is in agreement with Viola et al. (1988) who 
stated that an accumulation of visceral fat occurs in tilapia when fed diets 
containing high levels of dietary lipid. 
In walking catfish, no prominent pattem in hepatosomatic index (HSI) 
occurred in relation to dietary lipid. In red tilapia, a hybrid between O. 
mossamb/cus and O.niloticus, De Siiva et al. (1991) observed that HSI 
increased with dietary lipid intake. Berge and Storebakken (1991), on 
the other hand, recorded constant liver to wholebody vt^ ight percentages 
in Atlantic halibut fed 12 and 20% lipid diets. 
The decrease in moisture content with increased lipid deposition in muscle 
is understandable, since generally an inverse relationship between the 
body water and lipid is observed in animal tissue (Maynard et al.. 1979). 
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Similar observation was made in tilapia (Viola et al., 1988; De Silva et 
al., 1991). Although no significant change occun-ed in the muscle crude 
protein content of C. batrachus beyond 7% dietary lipid intake, the protein 
deposition (%) was seen to decline markedly with increase in dietary 
lipid from 9 to 13%. The observation seems in agreement with that of 
Hanley (1991) who noted less gain of protein in Nile tilapia on high lipid 
diet 
Summary 
In conclusion, 7-9% lipid inclusion in a diet containing 40% crude protein 
with 18.2 kj/g gross energy seems to meet the lipid requirement of 
C.batrachus. Therefore, this lipid range is recommended for diet 
development and feeding of this species to obtain a high growth rate, 
good feed conversion, and maximum percent protein deposition in its 
muscle. Feeding fish with diets containing more than 9% lipid should 
be avoided as it leads to greater deposition of visceral fat which is 
undesirable, both from the point of view of the consumer as well as the 
processor, since it affects the keeping quality of the fish. 
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Figure 1. Weekly weight gain of C. batrachus fed 
vaiying levels (e-€U 3%; 0—0, 5%; A—•. 7%; A—A, 
9\ : m—m, 11%; *-*. 13\) of dletaiy lipid. 
DURATION (WEEKS) 
Figure 2. Changes in protein efficiency ratio (•—•) 
and percent protein d^iosition (0—O) jn C. batracJhaB 
fed varying levels of dietary lipid. 
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DIETARY LIPID LEVELS 
CHAPTER II 
EFFECT OF VARYING DIETARY LIPID LEVELS 
ON GROWTH, FEED CONVERSION. NUTRIENT 
RETENTION, AND CARCASS COMPOSITION OF 
FINGERLING CATFISH. HETEROPNEUSTES 
FOSSIUS* 
Introduction 
Use of lipid as an energy source and nutrient to spare protein, for optimizing 
production, has been attempted in diets fomiulated for various fish species 
(Watanabe, 1982; Sargent et al., 1989; De Silva et al., 1991). In most 
practical feeds lipid level is generally kept low to prevent excessive 
accumulation of visceral fat and to avoid problems associated with its quality 
(Reinitz and Hitzel, 1980). The influence of varying dietary lipid levels on 
growth and k)ody composition offish has been reported by several woilcers 
(Stickney and Andrews, 1972; Lee and Putnam, 1973; Gatlin arKi Sticloney, 
1982; Stickney and Hardy. 1989; Ellis and Reigh, 1991; Hanley, 1991). 
Heteropneustes fossilis (Bloch), a fish of high maricet value found in India 
and in other South Asian courvtries, is cultured extensively. Aquaculture of 
this catfish on a scientific basis is of recent origin and significant 
improvements have been made in the culture tehniques, and yields of 
about 4,510 kg/ha/yr have been achieved under semi-intensive culture 
conditions, using a feed mixture consisting of trash fish and rice bran. In 
intensive culture operations, yields of 35000 kg/ha/year have been 
Published in Asian Fisheries Science, 8 (1995) 
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reported (Thakur, 1991). Although the air breathing nature of H. fossilis 
permits high stocking density, provision of complete diets based on 
nutritional requirements of the species can further enhance its rate of 
production. 
Eariier work on the nutrition of this species was confined mainly to 
observations on feed acceptability (Niamat and Jafri, 1984), and protein 
and energy requirements (Akand et al., 1989; 1991). The present study 
examines the effect of varying levels of dietary lipid on growth, feed 
conversion, nutrient retention and carcass composition of fingerling 
Heteropneustes fossilis. 
Materials and Methods 
H. fossilis stocked in outdoor cement cisterns were transferred to the 
wet laboratory and acclimated to H-440 (Halver, 1989) purified diet for 
two weeks. Iso-nitrogenous (40% CP) casein-gelatin based experimental 
diets (Table 1) were prepared with graded levels (3, 5, 7, 9, 11 and 
13%) of lipid containing a mixture of 2:1 com and cod liver oil. A crude 
protein level of 40% is the known requirement of this species (Niamat, 
1985). The estimated gross energy and P/E ratio in the diets ranged 
from 18.0 to 18.4 kJ/g and 21.3 to 21.7 mg CP / kJ. respectively. The 
composition of mineral and vitamin premix, and the method for the 
preparation of the experimental diets are described in general 
methodology section (page 12) 
Acclimated fish (7-9 cm) were stocked in triplicate groups of 15 fish 
each in 70 It high density polyvinyl circular troughs supplied with 
30 
groundwater in a flow-through (1.0-1.5 l/min) system. The fish were fed 
the experimental diets in the fomn of a moist cake, six days a week, at 
the rate of 4% body weight/day divided into two meals, at 0800 and 
1600 h. The growth trial lasted six weeks. Any uneaten feed was 
siphoned through a filter screen, weighed and the amount of remaining 
food determined. A natural photoperiod was maintained throughout the 
trial. The water temperature and dissolved oxygen during the trial were 
29 + 1*C and 6.2 + 1 ppm, respectively. 
Carcass composition was determined at the beginning of the experiment, 
in triplicate samples of three fish each taken out from the acclimated lot, 
and an equal number offish sacrificed at the end of feeding trial. Standard 
techniques (AOAC, 1984) were used to determine the proximate 
composition of the carcass and experimental diets. Gross energy was 
estimated by direct calorimetry using Gallenkamp ballistic bomb 
calorimeter. Growth parameters were calculated using definitions proposed 
by Hardy (1989) and Hanley (1991). Method of estimations and 
calculations are detailed in general methodology section (see pages 
13-20). 
Statistical evaluation, through one-way analysis of variance (Snedecor and 
Cochran, 1967) and Duncan's multiple range test (Duncan, 1965), was 
done to test the differences between treatment means. A significance level 
of P<0.05 was used. Correlation coefficient between dietary and carcass 
lipid was calculated. 
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Results 
Over the 6-week growth trial, significant differences were observed in 
the percent live weight gain of H. fossilis at different levels of dietary 
lipid intake (Table 2, Fig.1). Fish receiving 7% dietary lipid shared the 
maximum gain in weight while those reared on diets of higher lipid 
content (9-13%) showed reduced weight gain. The highest specific 
growth rate (SGR %) was also noted at 7% dietary lipid inclusion. 
Significant differences were observed in feed conversion ratio (FCR) 
among the test groups, the best FCR being at 7% dietary lipid. Protein 
efficiency ratio (PER) was also the maximum at this level. FCR and 
PER in fish at higher dietary lipid levels (9-13%) indicated no significant 
differences. Percent protein deposition revealed significant differences 
over the initial up to 7% dietary lipid intake, beyond this level the 
differences in protein deposition (%) were not significant (Fig.2). 
Carcass composition, visceral fat content and hepatosomatic index (HSI) 
of the different groups offish are given in Table 3. Carcass moisture, protein, 
fat and gross energy contents offish revealed significant differences among 
the test groups. Percentage dry matter increased with dietary lipid intake, 
whereas moisture content was negatively con-elated (r = -0.84) to body fat 
content. Increase in dietary lipid intake, up to 11%, had a positive effect 
on crude protein. Carcass fat increased with dietary lipid (r = 0.98), but 
levels of lipid intake appeared to have no significant effect on ash 
content. In contrast, gross energy increased significantly with dietary 
lipid. A similar effect was evident on percent GE retention (Table 2). 
The maximum gross energy (27%) was found deposited in fish fed a 
diet of 13% lipid. Variations in visceral fat content were also significant 
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among the various test groups. Deposition of visceral fat showed a 
strong correlation (r = 0.99) with the dietary lipid level. The maximum 
amount of visceral fat deposition (35%) occurred in fish fed 13% dietary 
lipid. The HSI ranged between 0.99 to 1.71 and vi/as not correlated to 
the dietary lipid levels. 
Discussion 
Fish in general have the ability to use fat and, to some extent, 
carbohydrate for energy purposes, sparing protein for grovt/th. In H.fossils, 
as evident from weight gain and feed conversion values, a level of 7% 
dietary lipid inclusion seemed essential for optimal growth. Earlier studies 
on species like channel catfish, Ictalurus punctatus (Dupree, 1969; 
Stickney, 1984), rainbow trout, Sa/mo ga/rdneri {\Naianabe et al., 1979; 
Reinitz and Hitzel. 1980) and red drum, Sciaenops ocellatus (Williams 
and Robinson, 1988; Ellis and Reigh, 1991; Serrano et al., 1992) 
indicated dietary lipid incorporation of 6-11% for optimal growth and 
best feed conversion. Hanley (1991) concluded that diets with low and 
medium lipid levels (5-9%), containing 29-34 mg CP/kJ digestible energy, 
are adequate to meet the requirement for protein and energy in Nile 
tilapia, Oreochromis niloticus. Reduced growth and poor feed 
conversion, as noticed in H. /bs5///s with higher levels (9-13%) of dietary 
lipid, was also observed in the catfish, Clarias batrachus (Chapter I), 
channel catfish (Dupree, 1969; Andrews et al., 1978; Santha and Gatlin, 
1991). red drum (Williams and Robinson, 1988) and H. fossilis (Akand 
et al., 1991). The reduction in growth of H. fossilis in the present study 
at higher lipid levels may be attributed to reduced lipid assimilation or 
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imbalances in protein/fat ratio. Berge and Storebakken (1991) and De 
Silva et al. (1991) noted no increment in growth of halibut and red 
tilapia, respectively, when lipid was included in the diet beyond optinrral 
protein: lipid ratio, at a given protein level. Similarly, reduced growth, 
protein deposition (%) and poor feed conversion in H. fossilis at high 
(48%) dietary carbohydrate intake (diet I) could be related to low levels 
of carbohydrate tolerance, and this observation is in agreement with 
the findings of Ellis and Reigh (1991) and Serrano et al. (1992) on red 
drum. Akand et al. (1991) are of the view that H. fossilis utilized lipid 
better than carbohydrate. In IH. fossilis, similar to Clarias sp. (Chapter I; 
Jantrarotai et al., 1994),a dietary carbohydrate-to-lipid ratio of about 5 
(diet ill) was found most effective in achieving maximum weight gain 
and protein deposition. Garling and Wilson (1977) reported maximum 
weight gain in channel catfish at a comparable carbohydrate-to-lipid 
ratio in the diet. 
Carcass composition of fish showed that both crude protein content 
and percent protein deposition increased significantly with dietary 
lipid levels up to 7%, and thereafter changes in crude protein content 
were not so prominent, but protein deposition (%) decreased with 
increase in dietary lipid. This observation is similar to the findings of 
Hanley (1991) who noted reduced protein gain in Nile tilapia on high 
lipid diets. Addition of extra lipid, to conserve protein, appeared to be of 
limited use beyond 7% dietary lipid inclusion. The lipid content of diets 
is generally considered to be the most important factor influencing 
carcass fat in fish (Buckley and Groves, 1979). Increased dietary lipid 
intake in H. fossilis resulted in higher body fat content, as has been 
reported for the same species (Akand et al., 1991) and for several other 
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fish species (Lee and Putnam, 1973; Garling and Wilson, 1977; Reinitz 
and Hitzel, 1980; Zeitler et al.,1984; Ellis and Reigh, 1991; Sen^no et 
a!., 1992). Williams and Robinson (1988) noted an increase in wholet>ody 
lipid of red daim to 23% with dietary lipid increment to 11% only. The 
changes in body fat content of H. fossilis showed an inverse relationship 
to moisture percentage, similar to that reported in tilapia (Viola et al., 
1988; De Silva et al., 1991).Despite reduction in body weight gains at 
higher levels of lipid (9-13%), the body gross energy content increased 
with dietary lipid increments. Bromley (1980) attributed this phenomenon 
in turbot, Scx)phthalmus maximus, to the method adopted in measuring 
growth through live weight gain, maintaining that a unit of protein energy 
deposition in the body is accompanied by weight increase of about 
eight times that associated with the deposition of a similar quantity of 
energy as lipid. 
Compared to muscle lipid, deposition of visceral fat in H. fossilis, particularly 
around the intestine, was greater at each incremental lipid level in the diet. 
Viola et al. (1988) noted an accumulation of visceral fat amounting to about 
40% of total t)ody fat in tilapia. No definite pattem of changes in HSI 
has t)een reported in different fish species with respect to varying dietary 
lipid levels. In H. fossilis, groups reared on diets of 7-13% lipid showed 
higher values of HSI, but these changes were not consistent. De Silva 
et al. (1991), on the other hand, observed that HSI increased in red 
tilapia with dietary lipid intake. In constrast, Millikin (1983) and Berge 
and Storebakken (1991) found no change in HSI with respect to dietary 
protein and lipid concentration. 
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Summary 
On the basis of growth rate.feed conversion and nutrient retention, it 
may be concluded that H. foss/7/s needs 7% lipid, as an energy source 
in a 40% CP diet with 18.2 kJ/g gross energy and a carbohydrate-to-
lipid ratio of around 5, for maximum utilization and growth. Feeding 
these fish with a diet beyond 9% lipid inclusion should be avoided, as it 
had little effect in enhancing further growth and protein deposition. 
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Figure 1. Weddy wei^t gain of H. fossflis fed varying 
levels ( A — A , 3%; A — 4 . 5%; 0—0, 7%; •—• , 9%; 
X—X. 11%; 0—0. 13%) of dietaiy Hpid. 
DURATION (WEEKS) 
Figure 2. Changes in percent protein deposition (0—0) 
and protein efflciBncy ratio (•—•) in H. fossQis fed 
varying levels of dietary lipid. 
o 
a. 
UJ 
o 
UJ 
t-
o 
tx. 
o. 
o 
QC 
y / . 5% ?•/• 9% 11% 
OJETARY LI PIO LEVEtS 
13% 
CHAPTER 111 
THE INFLUENCE OF DIETARY LIPID LEVELS 
ON GROWTH. FEED CONVERSION, AND 
CARCASS COMPOSITION OF FINGERLING 
INDIAN MAJOR CARPS. CIRRHINUS MRIGALA 
AND LABEO ROHITA 
Introduction 
Lipid is a major source of metabolic energy in fish. Being highly digestible, 
It has greater sparing action than dietary carbohydrate (Ellis and Reigh, 
1991), playing a definitive role in feed utilization. It is Important that proper 
amount of lipid be incorporated in fish diet as level of dietary lipid is a 
dominant factor in detennining the quality of fish (Hanley, 1991). Since 
excessive lipid in diet creates problems associated with feed quality, and 
results in fatty fish, lipid content in formulated diets is generally kept low. 
Indian major carps, the prime cultivable freshwater fishes, are mostly raised 
in polyculture system using traditional or semi-intensive method of 
cultivation. A mixture of oil cake and rice bran is generally used as 
supplementary feed for these fishes. The reported production rate of 
7500 - 9533 kg/ha/year (Jhingran, 1991) for these fishes under field 
conditions can be increased manifold through provision of balanced 
diet. Information on the lipid nutrition of the Indian major carps has 
lagged behind that of other warmwater fishes such as common carp, 
tilapia and channel catfish. The present study was undertaken to 
* Put>lished in Journal of Aquaculture in the Tropics, 10 (1995). 
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investigate the influence of dietary lipid levels on growth, feed 
conversion and carcass composition in two species of Indian major 
carps, namely, Cirrhlnus mrigala and Labeo rohita. 
Materials and Methods 
Fingehings of C. mrigala (6 - 7.5 cm) and L. rohita (3 - 5 cm) were 
transfenred from earthem pond to wet laboratory and acclimated to H-
440 (Halver, 1989) diet for two weeks. Casein-gelatin based test diets, 
containing varying levels (3, 5, 7, 9, 11 and 13%) of dietary lipid, were 
prepared (Table 1 and 2). The dietary protein level was fixed according 
to requirements of the species, being 35% and 40% for C. mrigala and 
L. rohita, respectively (Khan, 1991). Diets were made iso-caloric (18.4 
+ 0.3 kJ/g) by adjusting the amount of dextrin and <t«cellulose. Mineral 
and vitamin premixes used, and the method of preparation of the 
experimental diets were according to Halver (1989). Details of these 
are mentioned in general methodology (see page 12). 
Feeding trials were carried out in triplicate sets, using 70 K flow-through 
(1.0 -1.51 /min) type polyvinyl circular troughs supplied with groundwater. 
The diets were fed in the form of moist cake twice daily at 0800 and 1600 
h for six weeks. A natural photoperiod was maintained throughout the 
feeding trial. C. mrigala^HBte stocked at a density of 20 fish per trough 
while for L rohita at 30 fish per trough. Fish were fed the experimental 
diets at the total rate 5% of their body weight. Uneaten food, if any, was 
filtered over a screen soon after active feeding, dried and weighed to 
measure the amount of unconsumed food. Weekly v^ight gains were 
measured and the level of feeding adjusted accordingly. No feed was 
3a 
given on the day of weekly measurement, when thorough scrubbing 
and cleaning of each trough were carried out. The average water 
temperature and dissolved oxygen during the experimental period were 
26 1 2 <*C and 6.2 ± 1 ppm, respectively. 
Proximate composition of the diets and carcass at the beginning and 
end of the feeding trial was done in triplicate using the AOAC (1984) 
standard techniques. Gross energy was estimated using Gallenkamp 
ballistic bomb calorimeter. Growth, feed conversion, protein efficiency 
ratio and nutrient deposition (%) were calculated using standard 
definitions (Hardy, 1989; Hanley, 1991). Details of the above are given 
in general methodology section (pages 13-20). 
The data were analysed statistically using one way analysis of variance 
(Snedecor and Cochran, 1967) and Tuke/s test (Sokal and Rohif. 1981) 
for C.mriga/a,arvi Duncan's multiple range test (Duncan, 1955) for L. 
rohita,\o test the differences between the means. Significance level of 
P < 0.05 was used.Correlation coefficient between dietary lipid and 
k)ody and visceral lipid contents was also calculated. 
Results 
Significant differences were observed in the weight gains among the 
test groups (Table 3 and 5). C. mrigala exhibited maximum live weight 
gain (%) and specific growth rate (%), and best feed conversion and 
protein efficiency ratios when fed dietary lipid in the range of 5-7% J^  
while in L. rohita, best performance was noted in the test group at 5% 
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dietary lipid (Fig. 2). Maximum protein deposition in both the species 
was, however, noticed at 7% dietary lipid intake (Fig. 3 & 4). The gross 
energy retention revealed no specific pattern of changes with levels of 
dietary lipid. 
Carcass composition (Table 4 and 6) showed an increase in crude 
protein up to 11% dietary lipid intake in C. mriga/a, while maximum 
crude protein was noticed in L rohita at 7% dietary lipid. Dry matter, 
crude fat, gross energy and visceral lipid increased with incremental 
levels of dietary lipid. Significant differences were observed in the 
amounts of these constituents at the end of the feeding trial. 
A negative con-elation (r = -0.99) was seen between carcass moisture and 
fat contents, while correlation was positive (r = 0.99) between dietary 
fat and body / visceral fat contents in both the species. 
Discussion 
The ability of fish to use lipid as a source of energy, and to spare 
protein, has been investigated in many fish species (Watanabe, 1982; 
Sargent et al., 1989). As is evident from the data on weight gain, feed 
conversion and percent protein deposition, an inclusion of 7 and 5% 
lipid in the diet for C.mrigala and L rohita, respectively, seem essential 
for optimal growth. In fishes like Clarias batrachus (Chapter I), 
Hetempneustes foss/7is {Chapter II). channel catfish, Ictalums punctatus 
(Dupree. 1969; Stickney 1984). rainbow trout, Oncorhynchus mykiss 
(Watanabe et al., 1979; Reinitz and HItzel, 1980). and red drum, 
Sdaenops ocellatus (Williams and Robinson, 1988; Ellis and Reigh. 
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1991; Serrano et al., 1992) dietary lipid inclusion in the range of 6-11% 
has been indicated for optimal growth and best feed conversion. Similarly, 
optimal dietary lipid requirement for tilapia has been reported to range 
between 4.4 to 9% (Winfree and Stickney. 1981; Hanley 1991) and for 
carps between 4 to 6% (Singh, 1991; Ding, 1991; Seenappa and 
Devaraj, 1995).Takeuchi et al. (1979) found no improvement in the 
growth of carp beyond 5% dietary lipid level at constant protein but 
variable energy levels. 
Feeding higher levels of lipid to C. mrigala and L rohita resulted in 
reduced growth. Similar observations were made in C. batrachus and 
H.foss'riis (see Chapter 1,11), in channel catfish (Dupree, 1969; Andrews 
et al., 1978; Santha and Gatlln, 1991), red drum (Williams and Robinson, 
1988) and in the Indian major carp, catia (Seenappa and Devaraj, 1995). 
As stated earlier, this reduction in the grovt^ h of fish at higher lipid intake 
may be ascribed to reduced assimilation or imbalances in protein/fat 
ratio. In Atlantic halibut (Berge and Storebakken, 1991) and red tilapia 
(De Silva et al., 1991) no growth occurred beyond optimal protein:fat 
ratio. Also, the preferential utilization of carbohydrate than fat due to 
high amylase activity in the Indian major carps (Dhage, 1968) might be 
the reason for best growth at low fat but high carbohydrate level. Similar 
observations were made by Satoh (1991) with respect to higher 
carbohydrate utilization in common carp. Takeuchi et al. (1979) have 
shown that for carps both carbohydrate and lipid have good food value 
as dietary energy sources. In the present study, best growth of fish at 
low (5%) dietary lipid level, corresponding to carbohydrate : lipid ratios 
of 8.3 - 9.2, might be due to the availability of alternate energy source 
In the form of carbohydrate. This is in agreement with CatIa cat/a 
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(Seenappa and Devaraj, 1995). In catfish, due to better utilization of 
lipid than carbohydrate, a lower optimal carbohydrate to lipid ratio(5.0) 
was noticed for optimal growth (Akand et al., 1991; Chapter 1,11). 
Increase in carcass protein beyond 7% dietary lipid, that resulted in 
maximum gain in live weight, did not show any concurrent increment in 
percent protein deposition. The observation conforms with the findings of 
Takeuchi et al. (1979) and Hanley (1991), who noted less gain of protein in 
carp and tilapia on high lipid diets. Thus, addition of extra lipid beyond 7% 
is of no use in the diets for C. mrigala and L rohita. 
The level of lipid in fish diet is an important factor in influencing its 
carcass composition. In the present study, increased dietary lipid resulted 
in higher lipid retention. Similar phenomenon was observed in other 
fish species (Garling and Wilson, 1977; Reinitz and Hitzel, 1980; Zeitler 
et al., 1984; Ellis and Reigh, 1991), including carp (Takeuchi et al., 
1979). Also, changes in t)ody fat content in C. mrigala and L. rohita 
maintained an inverse relationship with moisture percentage. Similar 
relationship was reported in carp (Takeuchi et al., 1979) and tilapia 
(Viola et al., 1988; De Silva et al., 1991). 
Body gross energy increased In C.mriga/aar\6 Lrohita despite reduction 
in body weight gains at higher (9-13%) levels of dietary lipid. This is in 
concurrence with observations on C.batrachus (Chapter I) and H.fossilis 
(Chapter II). As stated, Bromley (1980) attributed this phenomenon in 
turbot, Scophthalmus maximus, to the method adopted in measuring 
growth through live weight gain, maintaining that a unK of protein energy 
deposition in the body is accompanied by weight increase of about 
42 
eight times of that associated with the deposition of similar quantity of 
energy as lipid. 
Summary 
On the basis of the growth rate, feed conversion and nutrient deposition 
data, it may t>e concluded that C. mrigala needs 7% lipid, as energy 
source^ in a 35% CP diet with 18.4 kJ/g of gross energy, while L mhlta 
require 5% lipid in a 40% CP diet with 18.3 kJ/g of gross energy. Addition 
of extra lipid levels (beyond 7%) leads to progressive deposition of fat 
in carcass, which is undesirable, leading to unwanted changes in the 
quality of fish during storage. 
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Figure 1. Weekly weight gain of C. mrigala fed 
varying levels (0—0, 3%; A A t 5%; n — • , 7%; 
», 9*: *-*. 11%; Ar—A, 13%) of dietaiy lifid. 
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Figure 3. Changes in percoit protein deposition (0—0) 
and protein efficiency ratio (•—•) in C. mrigala fed 
varying levels of dietary lipid. 
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CHAPTER IV 
GROWTH RESPONSE AND FATTY ACID 
COMPOSITION OF CATFISHES, CLARIAS 
BATRACHUS AND HETEROPNEUSTES 
FOSSIUS, FED VARYING LEVELS AND 
COMBINATION OF FATTY ACIDS 
Introduction 
The essentiality of n-6 and n-3 fatty acids and their roles in growth and 
metat>olism of fish have been well reviewed (Watanabe, 1982; Greene 
and Selivonchick, 1987; Sargent et a!., 1989). These fatty acids form part 
of the polyunsaturated fatty acids (PUFA) associated with functions such 
as membrane permeability and plasticity, enzyme activation and 
prostaglandin production (NRC, 1983). Studies conducted so far in fish 
have established considerable variations in the requirements for n-6 and 
n-3 fatty acids (Cowey et al., 1983; Lovell ,1989; Satoh et al., 1989 a; 
Santha and Gatlin, 1991; NRC, 1993), but information suggests that 
inclusion of both n-6 and n-3 fatty acids are needed in diets for warmwater 
fish to ensure proper growth and nutrition. 
Since fish do not have the ability to convert fatty acids from any other 
families into the n-6 and n-3 series, these are essential in the diet. Fish 
studied to date are reported to require linolenic acid at about 1-2% of dry 
diet, or 0.5%, if longer chain n-3 PUFA are provided (De Silva euxi Anderson, 
1995). These authors further report that freshwater fish have higher 
requirements for the n-6 series than for the n-3 series of fatty acids. Higher 
levels of PUFA of n-6 and n-3 series in the diet may lead to a reduced 
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growth as was noted in channel catfish (Stickney et al., 1983; 1984). 
Stickney and Hardy (1989) have stated the need to maintain a ratio between 
linoleic and linolenic fatty acids in channel catfish diets to avoid any 
competitive inhibition that might result in reduced growth. 
The present study examines the effects of feeding varying levels and 
combination of fatty acids of the linoleic and linolenic series on growth, 
feed conversion, muscle and liverfatty acid composition of young catfishes 
C/arias batrachus and Heteropneustes fossi/is. Since fatty acid composition 
of adipose tissue is influenced primarily by diet (Lovell, 1989), the study 
would help in understanding these changes in response to dietary fatty 
acids. 
Materials and Methods 
C. batrachus {^0-^2 cm) and H. fossi/is (8-10 cm) were transferred from 
the stock in cement cistems and acclimated in wet laboratory for about 
two weeks. During acclimation, the fish were fed low-quality minced beef 
to satiation once daily at 1600 h. 
Iso-nitrogenous (40% CP) and iso-caloric (18.3 kJ/g) casein-gelatin based 
diets (Table 1) were prepared with varying levels and combination of linoleic 
and linolenic fatty acid methyl esters. Casein and gelatin were extracted 
with 2 : 1 (v/v) chloroform/methanol to remove contaminating fatty acids 
before being mixed in the diet. The protein level in the experimental diets 
was fixed on the basis of requirements of the above species (Niamat, 1985; 
Khan and Jafri, 1990). The lipid content In the diets was maintained at 7%, 
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based on the studies carried out eariier at this laboratory (refer Chapter 
I and II). Diet I cxjnsisted of a mixture of 2:1 com and cod liver oil, while 
diet II contained only stearic acid as the lipid source. Diets III - IX contained 
varying levels and combination of methyl esters of linoleic and linolenic 
fatty acids together with stearic acid (Table 2). Mineral and vitamin premixes, 
and the method of preparation of the experimental diets were according to 
Halver (1989), as detailed in general methodology (see page 12). 
Fish from the acclimated lot were stocked in triplicate groups of 10 and 
15 fish each for C.batrachus and H. foss/7/s, respectively, in 70 It high 
density polyvinyl circular troughs supplied with groundwater in a flow-
through (1.0 -1.5 l/min) system. Fish were fed the experimental diets in 
the form of moist cake, six days a week, at a total rate of 4% of their 
body weight/day divided into two meals, at 0800 and 1600 h. The growth 
trial lasted eight weeks under natural photoperiod. Any uneaten feed 
was siphoned over a filter screen to measure the amount of feed 
consumed. The water temperature and dissolved oxygen over the period 
of feeding trial were 27 + 1 "C and 6.2 + 1 ppm, respectively. 
Carcass composition was determined at the beginning of the experiment 
in triplicate samples of 3 fish each taken out from the acclimated fish stock 
and in an equal number of fish sacrificed at the end of the feeding trial. 
Standard AOAC (1984) tBChn'iqiies were used for determining the proximate 
composition and gross energy content of carcass and the experimental 
diets. Total lipid extraction in the muscle and liver of fish was done as per 
the method given by Folch et al. (1957). The extracted total lipid was used 
fbr preparation of methyl ester by trans-esterification, following the method 
Of NWlQtIfe «l al. 0966). The iWBttiyl ester thus obtained was sealed in a 
t w 
glass vial under vacuum. Details on the total lipid extraction and methyl 
ester preparation are given in general methodology section (page 17). 
Gas chromatography of above samples was carried out at Central Drug 
Research Institute, Lucknow, India, using a Hewlett Packard 5890 gas 
chromatograph equipped with a fused silica capillary column (50 m x 
0.2 mm ID.) containing cross linked methyl silicon with helium as a 
carrier gas. Fatty acid standards from Sigma Chemical Co., U.S.A. were 
used for the comparison of retention time, and the area (%) of each 
fatty acid calculated. 
Growth rate, feed conversion and protein efTiciency ratio were calculated 
using standard definitions (Hardy, 1989). Details of the above are presented 
in general methodology section (page 13-20). One way analysis of 
variance (Snedecor and Cochran, 1967) and Duncan's multiple range 
test (Duncan, 1955) were carried out to test the differences between 
treatment means. A significance level of P < 0.05 was used. 
Results 
Significant differences were observed in the weight gains of fish fed 
various experimental diets (Table 3 and 4; Fig 1 and 2). Maximum gains 
in live weight in C. batrachus and in H. fbssilis occurred with fish fed 
the diet having 7% 2:1 com and cod liver oil, containing 18:1 n-9; 18:2 
n-6; 20:5 n-3 and 22:6 n-3 fatty adds (diet I). This was followed by 
diets containing 1.5% 18:2 n-6 and 1.0% 18:3 n-3 (diet VII) and 1.0% 
18:2 n-6 and 1.0% 18:3 n-3 (diet VI), respectively. Growth offish fed 
diets containing linoleic and linolenic acids was significantly higher than 
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the fish fed diet containing only stearic acid. In both the species, fish 
fed either with low level (0.5%) of linoleic acid (diet III) alone or with 
0.5% linolenic acid (diets IV and V) grew poorly. 
Significant differences also occuired in specific growth rate (%), feed 
conversion and protein efficiency raios of fish fed various experimental 
diets. Maximum specific grovt^ h rate was observed in fish fed diet I 
containing a 2:1 mixture of com oil and cod liver oil, followed by those 
fed diets containing 1.5% 18:2 n-6 and 1.0% 18:3 n-3 fatty acids. A 
similar trend was observed with respect to feed conversion and protein 
efficiency ratio in these fishes. 
Fish fed the diet containing stearic acid showed poor performance with 
respect to weight gain, specific growth rate, feed conversion and protein 
efficiency ratios. No mortality or abnormality was noticed in fish with any 
diet. 
Carcass composition, gross energy and hepatosomatic index of C. 
batrachus and H. fossilis fed the experimental diets are given in Table 5 
and 6. At the end of the feeding trial these parameters were not 
influnced greatly by the differences in the dietary fatty acids. 
Total fatty acid composition of muscle and liver in the two fish species 
fed different diets are given in Table 7-10. Feeding fish with the stearic 
acid containing diet resulted in reduced PUFA and increased saturates 
and monounsalurales. TTie addition of linoleic and linolenic adds to the diets 
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resulted in decrease in the monounsaturates and increase in the 
polyunsaturated and highly unsaturated fatty acids (HUFA). The total 
fatty acid profile of fish confonned positively to dietary fatty acids. 
Interestingly, the muscle fatty acid composition (Table 7 and 9) more 
closely reflected dietary fatty acids of n-3 and n-6 series than liver fatty 
acid profile (Table 8 and 10). The muscle and liver tissue in the two fish 
species predominantly contained monounsaturates. 
Feeding these fishes with 1% linolenic acid (diets VI and VII), however, 
resulted in greater accumulation of fatty acids of the n-3 series. 
Elongation to higher chain length and desaturation as evident by the 
presence of 20:4 n-6, 22:5 n-6, 20:5 n-3 and 22:6 n-3 fatty acids was 
noticed in the fishes fed linoleic and linolenic acids. (Table 7-10). 
Discussion 
The best growth and feed conversion ratios observed in C. batrachusand 
H. fossif/sfed diet containing 2:1 com and cod liver oil indicated that these 
fish species are able to utilize the triglycerides of n-6 and n-3 PUFA 
and HUFA for growth purposes. Fatty acids of these families are 
required by fish for a variety of physiological functions. Since fish are 
incapable of de novo synthesis of PUFA, dietary sources of these fatty 
acids seem essential for normal growth and survival. However, the 
essentiality of these fatty acids has been demonstrated to vary with 
species and the environmental temperature (Castell, 1979; Watanabe, 
1982; Cho et al., 1985; Kanazawa, 1985; Sargent et al., 1989; Stickney 
and Hardy, 1989; NRC. 1993; De Silva and Anderson, 1995). Studies 
on channel catfish, Ictalurus punctatus (Stickney and Andrews, 1971; 
1972; Yingst and Stickney, 1979; 1980; Stickney, 1984; Stickney et al.. 
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1983; 1984; Stickney and McGeachin,1984; Satoh et al., 1989 a and b; 
Stickney and Hardy, 1989; Santha and Gatlin, 1991), common carp, 
Cyprinus c9/p/o (Watanabe et al., 1975; Takeuchi and Watanabe, 1977); 
grass carp, Ctenopharyngodon idella (Takeuchi et al., 1991) eel, Angullla 
Japonica (Takeuchi et al., 1980), sea bream. Spams aurata (Ibeas et 
al., 1994) and turbot, Scophthalmus maximus (Castell et al., 1994) have 
shown the essentiality and requirement for both n-6 and n-3 fatty acids. 
Tilapia z/7///' (Kanazawa et al., 1980) and T. nilotica (Takeuchi et al., 
1983) seem to have a requirement for n-6 dietary fatty acids. 
Halver (1980), Bell et al. (1985), and Lovell (1989), while highlighting 
the importance of n-6 and n-3 fatty acids for freshwater fish, have stated 
that fish grown in warmwater may do better with a mixture of n-6 and n-
3 fatty acids. C. batrachus and H. fossilis fed diet containing 7% of 2:1 
com and cod liver oils with high (2.7%) linoleic acid and n-3 HUFA 
(0.6%) have shown best growth and feed conversion, indicating the 
requirements for these fatty acids for faster growth, in concurrence 
with the performance of channel catfish (Satoh et al 1989 a; Santha 
and Gatlin, 1991). Being freshwater species, these fishes were found 
to grow better on diet containing high linoleic acid content. Pillay (1990) 
has indicated that a higher level of n-6 fatty acids are required for 
freshwater fish. Stickney et al. (1984) have found that channel catfish 
can tolerate up to at least 2% of linoleic acid in the diet. Although 
essentiality has not been proved, Stickney and Hardy (1989) predicted 
that requirement should exist for a small amount of n-3 fatty acids In 
warmwater fish species for membrane lipid flexibility and permeability. 
In the present study on C.batrachus and H. fossilis, similar to that on 
channel catfish (Satoh et al. 1989 a; Santha and Gatlin, 1991), a 
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requirement has been found to exist for n-3 HUFA, whereas its absence 
in diets led to a significant reduced growth and conversion efficiency. 
Stickney et ai. (1983) indicated a requirement of less than 1% of linolenic 
acid for best growth of channel catfish, while Satoh et al. (1989 a) and 
Santha and Gatlin (1991) observed a requirement of 1% of HUFA for 
this fish. Satoh et al. (1989 b) demonstrated that a requirement of 1-2% 
of 18:3 n-3 or 0.5-0.75% of 20:5 n-3 and 22:6 n-3 for channel catfish. 
Preference for triglyceride than other form of fatty acids together with 
the presence of 18:1 n-9 fatty acid at a level of 2.0% in diet I that meets 
the physiological requirement of the fish in the present study might 
have led to a growth-enhancing effect over the fatty acid methyl ester 
containing diets. A similar conclusion was made earlier with respect to 
other warmwater fishes (Stickney and Andrews, 1972; NRC, 1983; 
Stickney, 1984). Diets containing 1% linolenic acid along with 1.5% or 
1.0% linoleic acid (diet VII and VI) produced less biomass than com and 
cod liver oil incorporated diets but performed better than the remaining 
diets containing other purified fatty acids. Stickney et al. (1984) and 
Satoh et al. (1989 a) found no improvement in the growth of channel 
catfish over 1% linolenic acid alone. 
Although the diversity in the essential fatty acid (EFA) requirement of 
warmwater fish species is greater than that of the coldwater species 
(Benitez, 1989), it is reportedly limited to 0.5 to 2.0% of the dry weight 
of the diet (NRC, 1983; Kanazawa, 1985, Satoh et al., 1989 b; Ibeas et 
al., 1994; De Silva and Anderson, 1995). The requirements for the EFA 
for C. batrachus and H. fossilis have been found to be well within this 
range. Higher levels of linoleic acid (above 2%) and linolenic acid (1%) 
depress growth in channel catfish (Stickney and Hardy, 1987; 1989) It 
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has been stated that competitive inhibition may occur between linoleic 
and linolenic acids when improper ratios of the two are fed. Stickney 
and Andrews (1971) noticed competitive inhibition in channel catfish as 
a result of disproportionately higher level of 18.2 n-6 relative to 18:3 n-
3 supplied by the dietary safflower oil. 
Fatty acid analysis of C. batmchus and H. fossilis indicated that muscle 
and liver tissue composition in these fishes reflect the fatty acid pattem of 
the diet. Fish fed the com and cod liver oil incorporated diet contained 
higher levels of PUFA and HUFA in their muscle lipid. That the fatty acid 
composition of dietary lipids influences the pattem of tissue fatty acids has 
already been established both in marine as well as in freshwater fishes 
(Watanabe, 1982). The n-6/n-3 ratio of fish lipids is greatly influenced by 
that in dietary lipids (Castell, 1979). Feeding linoleic and linolenic acid, 
In the present study, resulted in the deposition of same series of fatty acids 
in the muscle and liver. Salmonids when fed diets containing 18:2 n-6 as 
the only PUFA were always found rich in 20:3 n-6, 20:4 n-6 and 22:5 n-
6, when 18:3 n-3 was the only dietary PUFA, 18:4 n-3, 20:4 n-3, 20:5 n-
3, 22:5 n-3 and 22:6 n-3 occurred in significant proportions (Takeuchi 
and Watanabe, 1982). A number of investigators have concluded that 
significant proportions of fatty acids present in the tissue lipids are derived 
unaltered from the food supply (Stickney and Andrews, 1972; Castell et 
al., 1972b; Lee and Putnam, 1973; Dupree et al., 1979; Krajnovic - Ozretic 
etal., 1994). 
In the present study, the observed higher growth rate and increased 20:3 
n-6, 20:4 n-6 and 20:5 n-3, 22:6 n-3 concentrations in the muscle with 
increasing dietary linoleic and linolenic acids nnay be the consequence of 
52 
the ability of C. batrachus and H. fossilis Xo elongate and further 
desaturate these fatty acids. The presence of HUFA In the muscle of 
these fishes, originating either through diet or formed as a result of 
limited elongation and desaturation resulted in better growth and feed 
conversion. Kanazawa (1985) has stated that freshwater fish have 
more relative bioconversion ability than marine species. Dupree et al. 
(1979) and Satoh et al. (1989 a) have found in channel catfish that 
linoleate was converted into arachidonic and docosapentaenoic acids 
while linolenate was elongated and desaturated to docosahexaenoic 
acid. Csengeri et al. (1979) found that dietary inclusion of linoleic acid 
rich corn oil/cod liver oil, leads to elongation and desaturation to 
arachidonic acid in the common carp. Henderson and Sargent (1985) 
related this phenomenon mostly to phospholipids, while body lipids were 
regarded as a final blend of endogenous and exogenous fatty acids 
modified by the process of desaturation-elongation. 
C. batrachus and H. fossilis fed the stearic acid diet exhibited poor 
growth and feed conversion ratios and increased saturates and 
monounsaturates in the muscle and liver tissues. Higher amounts of 
monoenoic fatty acids such as oleic acid or 20:3 n-9 with the above 
symptoms have been considered as the principal sings of EFA deficiency 
(Castell et al., 1972 a; Owen et al., 1972; Takeuchi and Watanabe, 
1976; Yingst and Stickney, 1979; NRC, 1983). Satoh et al. (1989 a) 
found similar results with channel catfish fed an EFA dificient diet. C 
batrachus and IH. fossilis fed the diet with only stearic acid contained 
reduced levels of n-6 and n-3 fatty acids in the muscle, indicating a 
process of gradual depletion of EFA in the fish. However, chronic EFA 
deficiency signs that manifest over a period of time could not be Induced 
53 
in this short-term growth trial. As has been observed with common carp 
(Takeuchi and Watanabe, 1977), feeding C. batrachus and H. fossilis 
with varying levels of dietary fatty acids did not have any influence on 
their hepatosomatic index. 
Summary 
C. batrachus and H. fossilis require a minimum of 1.5% linoleic and 
1.0% linolenic fatty acids in their diet. Supplying these n-6 and n-3 
PUFA and HUFA as triglycerides derived from com and cod liver oils, 
resulted in higher growth and lower feed conversion ratios than supplying 
the methyl ester forms in the diet. Deficiency of these fatty acids in the 
diet resulted in poor growth, reduced feed conversion ratios and 
increased monounsaturates in fish lipids. Inclusion of linoleic and 
linolenic acids in diets led to improvement in growth, feed conversion 
and increased polyunsaturates in the body. Varying the levels of these 
fatty acids had no significant influence on the body proximate constituents 
and hepatosomatic index, but resulted in deposition of the same, along 
with limited desaturation and elongation to respective higher molecular 
weight fatty acids. 
Table 1. Composition of experimental diets 
Ingredients (g/100 g, as fed) 
Vitamin free casein^ 37.0 
Gelatin^ 10.0 
Dextrin, white 31.0 
Lipid^ 7.0 
Mineral mix^ 4.0 
Vitamin mix^ 1.0 
a<-Cellulose 8.0 
Carboxymethyl cellulose 2.0 
Proximate composition (g/100 g, dry weight) 
Crude protein 39.3 ± 0.38 
Crude fat (ether extract) 6.9 + 0.19 
N-free extract 36.8 + 0.89 
Total ash 3.3 + 0.69 
Crude fil)er 11.8 + 0.32 
Gross energy (kJ/g)^ 18.3 + 0.28 
^ Obtained from ION Pharmaceuticals, Cleveland, Ohio and defatted k)efore 
use; ^ Loba Chemie, Bombay; ^  Composition detailed in Table 2; * Halver, 
1989; ^ GE contributed in the diets by oc- cellulose and CMC was subtracted 
so that GE levels from ingredients are more truely represented; 
+ SEM (n = 5). 
Table 2. Lipid fraction of experimental diets 
Diets Lipid component^  
18:0 (%) 18:2 n-6(%) 18:3 n-3 {%) 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
Com oil • 
7.0 
6.5 
6.0 
5.5 
5.0 
4.5 
5.0 
4.5 
-4.76% +Cod liver oil 
— 
0.5 
0.5 
1.0 
1.0 
1.5 
1.5 
2.0 
1 - 2.33% 
— 
— 
0.5 
0.5 
1.0 
1.0 
0.5 
0.5 
^ Fatty acid methyl esters procured from Sigma Chemical Co. U.S.A. 
2 Fatty acid composition (%) -14:0 -1.29; 16:0 - 7.24; 16:1 n-7 - 2.35; 18:0 -
2.93; 18:1 n-9-28.27; 18:2 n-6-39.1; 18:3 n-3-1.25; 18:4 n-3-0.29; 20:1 n-
9 - 2.50; 20.5 n-3 - 4.09; and 22:6 n-3 - 3.74. 
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Figure 1. Weekly weight gain of C. batradms fed 
varying levels and comUnation (A^-/^ , diet I; O—O, 
diet n; D D , diet lift A A, (Set IV; •—•, cflet 
V: • m, diet VI; •—*, diet VII; X—X, diet vm; 
e—e. diet IX) of fatty adds. 
3 ^ 5 6 
DURATION (WEEKS) 
8 
Figure 2. Weekly wei^it gain of H. foGBflls fed 
varying levels and comtdnatlon ( A h , diet I; O—0, 
(Set n; O a . (Set m: A — • , diet IV: •—•. diet 
V; • • . cJtet VI; *—», diet VH; X—X, diet vm; 
e—e. diet IX) of fatty adds. 
3 tf 5 6 
DURATION (WEEKS) 
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CHAPTER V 
EFFECT OF DIETARY OIL SOURCES ON 
GROWTH, FEED CONVERSION, AND BODY 
FATTY ACID COMPOSITION OF THE CATFISH, 
HETEROPNEUSTES FOSS/US 
Introduction 
Polyunsaturated fatty acids, n-6 from vegetable oils and n-3 from marine 
fish oils, are important sources of dietary essential fatty acids in fish. 
Supplementation of suitable kinds of lipid from the above sources may 
influence both productivity as well as quality of the cultured fish 
(Nematipour and Gatlin, 1993), while alteration of fatty acid profile has 
been suggested by Cowey et al. (1979) as a means to improve frozen 
stability and reduce lipid oxidation in fish. Several workers in the past 
have tested the efficacy of lipid sources on growth, feed conversion 
and/or fatty acid composition of fish (Dosanjh et al., 1984; 1988; Hardy 
et al., 1987; Greene and Selivonchick, 1990; Nematipour and Gatlin, 
1993). Work on the Indian fish species on the above lines is limited 
(Firdaus, 1987) .The present study was undertaken to examine the effect 
of various oil sources on growth, feed conversion, and body fatty acid 
composition of the catfish, Heteropneustes fossi/is. 
Materials and Methods 
H.fossilis stocked in outdoor cement cisterns were transferred to wet 
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laboratory and acclimated for two weeks. Low quality minced beef was 
fed to satiation once daily at 1600 h during the period of acclimation. 
Iso-nitrogenous (40% CP) and iso-caloric (18.2 kJ/g, gross energy) diets 
were prepared with different lipid sources (Table 1), namely, com oil 
(diet I), cod liver oil (diet II), 2:1 mixture of com and cod liver oil (diet III), 
groundnut oil (diet IV), sardine oil (diet V) and 2:1 mixture of groundnut 
and sardine oil (diet VI). A fixed lipid level of 7% was maintained in all 
the diets based on the requirement for lipid in this species (Chapter II). 
Composition of mineral and vitamin premix, and the method for the 
preparation of experimental diets were described in general methodology 
section (page 12). 
Fish (9 -11.5 cm), selected from the acclimated lot, were stocked in 
triplicate groups of 12 fish each in 70 It high density polyvinyl circular 
troughs supplied with groundwater in a flow-through (1.0 -1.5 l/min) 
system. The fish were fed experimental diets in the form of moist cake, 
six days a week, at a rate of 4% body weight/day, divided into two 
meals, at 0800 and 1600h. The growth trial lasted six weeks. Any 
uneaten feed was siphoned through a filter screen, weighed and the 
amount of remaining food determined. A natural photoperiod was 
maintained throughout the trial. The water temperature and the dissolved 
oxygen during the trial were 29+1 "»C and 6.2 + 1 ppm, respectively. 
Standard (AOAC, 1984) techniques were used to determine the 
proximate composition of experimental diets. Gross energy was 
estimated by direct calorimetry using Gallenkamp ballistic bomb 
calorimeter. Growth parameters were calculated using definitions 
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proposed by Hardy (1989) and Hanley (1991). The above methods are 
detailed in general methodology (see pages 13-20). 
Statistical evaluation through one-way analysis of variance (Snedecor 
and Cochran, 1967) and Duncan's multiple range test (Duncan, 1955) 
was done to test the differences between treatment means. A 
significance level of P<0.05 was used. 
Total lipid extraction in the muscle and liver of fish was done as per the 
method given by Folch et al. (1957). The extracted lipid was used for 
the preparation of methyl ester by trans-esterification, following the 
method of Metcalfe et al. (1966). The methyl ester thus obtained was 
sealed in a glass vial under vacuum. Details of the total lipid extraction 
and the methyl ester preparation were given in general methodology 
section (page 17). 
Gas chromatography was carried out at Central Drug Research Institute, 
Lucknow, India, using a Hewlett Packard 5890 gas chromatograph equipped 
with fused silica capillary column (50 m x 0.2 mm I.D.) containing cross 
linked methyl silicon with helium as carrier gas. Fatty acid standards 
from Sigma Chemical Co., U.S.A., were used for the comparison of 
retention time, and the area (%) of each fatty acid calculated. 
Results 
Significant differences were observed in the percent live weight gain of 
fish fed a combination of vegetable and marine oils and these oils alone 
in the diet (Table 2; Fig. 1). Fish fed diets containing a mixture of vegetable 
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and marine oils showed better gain in live weight than those fed diet 
containing either vegetable or marine oils. Specific growth rate (%) and 
protein efficiency ratio in fish fed marine oil singly or in combination 
with vegetable oil did not show any significant difference. Fish fed diets 
with vegetable oil alone had lowest values for the above parameters. 
Best feed conversion ratio was evident in fish groups fed mixture of 
vegetable and marine oil sources. 
The fatty acid composition of muscle in fish groups fed the above dietary 
oil sources either singly or in combination, depicted variable concentration 
with respect to n-6 and n-3 fatty acids. Com and groundnut oils, having 
high amount of n-6 fatty acids (Table 3), resulted in higher accumulation 
of n-6 content in the muscle (Table 4). These oils when blended at 2:1 
ratio either with cod liver or sardine oils resulted in reduced n-6 fatty 
acid content in fish muscle in comparison to the diet containing only 
vegetable (com or groundnut) oil sources. Likewise, fish receiving diet 
with pure marine oil (cod liver oil or sardine oil) as lipid source showed 
elevated levels of n-3 fatty acids in the muscle. 
Discussion 
The results of the present study indicate that growth, feed conversion 
and, to certain extent, the body fatty acid composition of H.fossilis get 
altered with the type of dietary oil sources fed. Similar effects have 
earlier been reported on fishes like salmon (Hardy et al., 1979; 1987; 
Mugrditchian et al., 1981; Dosanjh et al., 1984; 1988; and Thomassen 
and Rosjo, 1989), ayu (Shimma and Shimma, 1980; Nematipour et al., 
1988), sunshine bass (Nematipour and Gatlin, 1993), rainbow trout 
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(Boggio et al., 1985; Greene and Selivonchick, 1990), channel catfish 
(Yingst and Stickney, 1979), sea bass (Borlongan and Parazo. 1991), 
and grey mullet (Argyropoulou et al., 1992). It was inferred that 
productivity and quality of these fishes can be enhanced through 
changes in dietary lipids, subject to meeting the EFA requirement. Boggio 
et al. (1985) noticed changes in fatty acid composition of trout when 
plant oils and animal fats replaced fish oils. 
Arai et al. (1971) reported that a diet formulated with a mixture of com 
and cod liver oil in 2:1 ratio, containing both n-6 and n-3 fatty acids, 
was most favourable for the growth of the eel, Anguilla japonica. Attempts 
were also made to successfully blend marine oil or animal fat with 
vegetable oil of high linolenic acid content in fish feed (Yu et al., 1977; 
Takeuchi et al., 1978; Reinitz and Yu, 1981; Mugrditchian,et al., 1981). 
It has been stated that EFA requirement of warmwater fishes such as 
carp, catfish and tilapia can be satisfied by a mixture of n-6 and n-3 
fatty acids, whereas coldwater fish species have greater requirements 
for n-3 fatty acids (Castell, 1979; Halver, 1980; Sargent et ai., 1989). 
The observed overall t>est growth and feed conversion in fish fed diets 
with vegetable-marine oil combination, in the present study, might be 
due to the availability of favourable n-6/n-3 fatty acid ratios through the 
above oils. Whereas, diets containing other oil sources singly produced 
comparatively slower growth rate. However, the total muscle fatty acid 
profile in all the test groups changed favourably towards dietary fatty 
acid composition, irrespective of the differences in growth rates. 
Similarly, Yone et al. (1971) found com oil unsuitable as a sole dietary lipid 
source for red seabream {Chrysophrys majoi) fingerling. Dosanjh et al. 
(1988) noted be'st food and protein utilization in Chinook salmon fed 
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diet containing canola oil or an equal mixture of henring and canola oil 
or lard. Channel catfish reportedly showed highest average weight gain 
with beef tallow, olive and menhaden oil triglycerides which formed 
excellent sources of lipids in catfish diets, but lower gains were obtained 
in groups fed with diets containing safflower oil high In 18:2n-6, and 
linseed oil high in 18:3n-3 (Stickney and Andrews, 1972). 
Provision of variety of fatty acids through various oil sources can 
overcome the limitation of the ability of some fish to elongate and 
desaturate to higher fatty acids. In addition, provision of these will be 
more useful in the case of freshwater fishes where the pool of short 
chain n-6/n-3 body fatty acid composition can favourably be altered to 
higher chain lengths. Greene and Selivonchick (1990) have attributed 
this change in tissue fatty acid profile to unaltered deposition of 
respective dietary fatty acids from the lipids. Further, these authors 
advocate the possibility of reducing the total saturated fat content or 
increasing the polyunsaturates by incorporating more vegetable oils in 
the feed to tailor the tissue lipids in fish to meet the health concern and/ 
or preference of consumers. The present study, though preliminary, 
would help in further evaluating a variety of oil sources that can be 
used in practical diets for H. fossilis. 
Summary 
Live weight gain, specific growth rate and feed conversion ratio were 
the best in fish fed diets containing 2:1 mixture of vegetable and marine 
oils, than those fed diets containing these oils singly as a lipid source. 
Muscle fatty acid profile of fish fed corn and groundnut oils, having 
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higher amounts of iv6 fatty acids, showed accumulation of higher n-6 
fatty acids . Whereas, fish groups fed pure marine oil contained diets 
accumulated elevated levels of n-3 fatty acids in their muscle. 
Table 1. Composition of the experimental diets fed to 
H. fossilis 
Ingredients (g/1 OOg, as fed) 
Vitamin free casein^ 37 
Gelatin^ 10 
Dextrin, white 31 
OiP 7 
Mineral mix^ 4 
Vitamin mix^ 1 
a - Cellulose 8 
Carboxymethyl cellulose 2 
Proximate composition (g/1 OOg, dry weight) 
Crude protein 39.3 + 0.20 
Lipid (ether extract) 7.2 + 0.28 
N-free extract 35.8 + 0.67 
Ash 3.8 + 0.10 
Crude fiber 12.3+ 0.42 
Gross energy (kJ/g)^ 18.2 + 0.15 
^ ICN Pharmaceuticals, Cleveland, Ohio; ^ Loba Chemie, Bombay; ^ Sources 
detailed in text; * Halver, 1989;' GE contributed in the diets by a-cellulose 
and CMC was subtracted so that GE levels from ingredients are more truely 
represented; + SEM (n = 5). 
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Figure 1. Weekly weigtA gain of H. fQesOis fed 
vaiying ( A — A , diet I; 0—0, diet H; Q n , diet 
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]i{dd sources. 
DURATION 
REFERENCES 
Abrami, G., Natiello. R, Bronzi, P., McKenzie. D., Bolis, L. and Agradi, E. 
1992. A comparison of highly unsaturated fatty acid levels in wild and 
fanned eels (Anguilla anguilla). Comp. Biochem. Physiol., 101 B: 
79-81. 
Akand, A.M., Mia. M.I. and Hague, MM. 1989. Effect of dietary protein level 
on grov>rth, food conversion and body composition of chingi 
(Heteropneustes fossilis Bloch). Aquaculture, 77: 175-180. 
Akand, A.M., Hasan, M.R. and Habib, M.A.B. 1991. Utilization of cart)ohydrate 
and lipid as dietary energy sources by stinging catfish, Heteropneustes 
fossilis {B\och). inS.S. De Sllva (ed.), Fish Nutrition Research in Asia. 
Proceedings of the Fourth Asian Fish Nutrition Workshop. Asian 
Fish. Soc. Special Publ., Asian Fisheries Society, Manila, 
Philippines, pp 93-100. 
Andrews, J.W., Murray, M.W. and Davis, J.M. 1978. The influence of dietary 
fat levels and environmental temperature on digestible energy and 
absorbability of animal fat in catfish diets. J. Nutr., 108: 749-752. 
Anwar, M.F. and Jafri, A.K. 1992. Preliminary observations on the growth, 
food conversion and body composition of catfish, Heteropneustes 
fossi/is Bloch., fed varying levels of dietary lipid. J.Inland Fish. 
Soc.India. 24 : 45-49. 
AOAC (Association of Official Analytical Chemists). 1984. S.Williams (ed.). 
Official Methods of Analysis. 14th edition. Association of Official 
Analytical Chemists, Inc., VA. 1141 p. 
Aral, S., Nose, T. and Hashimoto, Y. 1971. A purified test diet for the eel, 
Anguilla japoinca. Bull. Freshwater Fish. Res. Lab, Tokyo 221 161 
- 178. 
Aral, S. 1991. Eel. Anguillaspp. In R.P.Wilson (ed.). Handbook of Nutrient 
Requirements of Finfish. CRC Press Inc., Boca Raton, Florida USA 
pp 69-75. 
Argyropoulou, V., Kalogeropoulos, N. and Alexis, M.N. 1992. Effect of dietary 
lipids on growth and tissue fatty acid composition of grey mullet (Mugil 
cephalus). Comp. Biochem. Physiol., 101 A : 129-135. 
62 
Arzel, J., Lopez, F.X.M., Metailler. R., Stephan. G., Viau, M., Gandemer, 
G. and Guillaume, J. 1994. Effect of dietary lipid on growth 
performance and body composition of brown trout {Salmo trutta) 
reared in sea water. AquacuKure, 123 : 361 - 375. 
Bell. M.V.. Henderson, R.J. and Sargent, J.R. 1985. Changes in the fatty 
acid composition of phospholipids from turbot {Scophthalmus 
maximus) in relation to dietary polyunsaturated fatty acid 
deficiencies. Comp. Biochem. Physiol., 81 B: 193 - 198. 
Benitez, L.V. 1989. Amino acid and fatty acid profiles in aquaculture nutrition 
studies. In S.S.De Silva (ed.), Fish Nutrition Research in Asia, 
Proceedings of the Third Asian Fish Nutrition Network Meeting. Asian 
Fish. Soc. Special Publ. 4. Asian Fisheries Society, Manila, 
Philippines, pp 23 - 35. 
Berge, G.M. and Storebakken, T. 1991. Effect of dietary fat level on weight 
gain, digestibilKy, and fillet composition of Atlantic halibut. Aquaculture, 
99 : 331-338. 
Boggio, S.M., Hardy, R.W., Babbit, J.K. and Brannon, E.L. 1985. The influence 
of dietary lipid source and alpha-tocopheryl acetate level on product 
quality of rainbow trout (Salmo gairdneri). Aquaculture, 51 : 13 - 24. 
Boonyaratpaiin, M. 1991. Asian seabass, Lates calcarifer. In R.P. Wilson 
(ed.), Handt)ook of Nutrient Requirements of Finfish, CRC Press Inc., 
Boca Raton, Florida, USA. pp 5 -11. 
Borlongan, I.G. and Parazo, M.M. 1991. Effect of dietary lipid sources on 
growth, survival and fatty acid composition of sea bass (Lates 
calcarifer, Bloch^fry. Bamidgeh, 43 : 95 - 102. 
Bromley, P.J. 1980. Effect of dietary protein, lipid and energy content on the 
growth of turbot (Scophthalmus maximus L.). Aquaculture 19 • 
359 - 369. 
Buckley, J.T. and Groves. T.D.D. 1979. Influence of feed on the body 
composition of finfish. In J.E. Halver and K. Tiews (eds.),Finfish 
Nutrition and Fishfeed Technology. Vol.11. Heenemann, Berlin. 
Gennany. pp 335 - 343. 
Castell. J.D. 1979. Review of lipid requirements of finfish. //7j.E. Halver and 
K. Tiews (eds.). Finfish Nutrition and Fishfeed Technology. Vol. I. 
Heenemann. Berlin. Germany, pp 59 - 84. 
Castell, J.D. SInnhuber. R.O.. Lee, D.J. and Wales. J.H. 1972a. Essential 
fatly acids in the diet of rainbow trout (Salmogairdneri): Physblogicai 
symptoms of EFA deficiency. J.Nutr. 102 : 87 - 92. 
oo 
Castell, J.D., Lee, D.J. and Sinnhuber, R.O. 1972b. Essential fatty adds 
in the diet of rainbow trout (Salmo gairdneri/. Lipid metabolism 
and fatty acid composition. J. Nutr, 102 : 93 - lOiD. 
Castell, J.D., Bell J.G., Tocher, D.R. and Sargent, J.R. 1994. Effects of purified 
diets containing different combinations of arachidonic and 
docosahexaenoic acid on survival, growth and fatty acid composition 
of juvenile turbot (Scophtha/musmaximusJAquacutlure, 128:315-333. 
Cho, C.Y., Cowey, C.B. and Watanabe, T. (eds.). 1985. Finfish Nutrition in 
Asia, methodological approaches to research and development, IDRC, 
Ottawa, Canada. 154 p. 
Chuapoehuk, W. 1987. Protein requirements of walking catfish, Clarias 
batrachus (Linnaeus), fry. Aquaculture, 63 : 215 - 219. 
Cowey, C.B. and Sargent, JR. 1972. Fish nutrition. Adv. Mar. Biol., 10: 383 
- 492. 
Cowey, C.B. and Sargent, J.R. 1979. Nutrition. //7W.S. Hoar, D.J. Randall 
and J.R. Brett (eds.), Fish Physiology, Vol. VIII. Bioenergetics and 
growth. Academic Press Inc., New York, pp 1 - 69. 
Cowey, C.B., Adron, J.W., Hardy, R., Smith, J.G.M. and Walton, M.J. 1979. 
Utilization by rainbow trout of diets containing partially rendered hide 
fleshings. Aquaculture, 16 : 199 - 209. 
Cowey C.B., Wee, K.L. and Tacon, A.G.J. 1983. Effect of fatty acid intake 
on growth and fatty acid composition of liver and muscle oif snakehead. 
Bull. Jap. Soc. Sci. Fish., 49 : 1573 - 1577. 
Csengeri, I., Majoros, R, Olah, J. and Farkas, T. 1979. Investigations on the 
essential fatty acid requirement of carp (Cyprinus carpio \-.). In J. 
E. Halver and K. Tiews (eds.), Finfish Nutrition and Fishfeed 
Technology. Vol.1. Heenemann, Berlin, Germany, pp 157-173. 
Das, KM., Mohanty, S.N. and Sarkar, S. 1991. Optimum dietary protein to 
energy ratio for Labeo rohita fingerlings. In S.S. De Silva (ed.), Fish 
Nutrition Research in Asia. Proceedings of the Fourth Asian Fish 
Nutrition Workshop. Asian Fish. Soc. Special Publ. 5. Asian Fisheries 
Society, Manila, Philippines, pp 69 - 73. 
De la Hoz, L., Ordonez, J.A., Asensio, M.A.. Cambero, M.I. and Sanz, B. 
1987. Effects of diets supplemented with olive oil biagasse or technical 
rendered fat on the apolar lipids and their fatty acid composition of 
trout (Salmo gairdneri) muscle. Aquaculture, 66 : 149 - 162. 
64 
De Sllva, S.S. (ed.). 1989. Fish Nutrition Research in Asia. Proceedings 
of the Third Asian Fish Nutrition Network Meeting. Asian Fish. 
Soc. Special Publ. 4. 166 p. Asian Fisheries Society, Manila, 
Philippines. 
De Silva, S.S. (ed.). 1991. Fish Nutrition Research in Asia. Proceedings of 
the Fourth Asian Fish Nutrition Workshop. Asian Fish. Soc. Special. 
Publ. 5, 205 p. Asian Fisheries Society, Manila, Philippines. 
De Silva S.S. and Davy, F.B. 1992. Fish nutrition research for semi-intensive 
culture systems in Asia. Asian Fisheries Science, 5 : 129-144. 
De Silva, S.S. and Anderson, T.A. (eds.).1995.Fish Nutrition in AquacuKure, 
Chapman and Hall, London.319 p. 
De Silva, S.S., Gunasekera, R.M. and Shim, K.F. 1991. Interactions of varying 
dietary protein and lipid levels in young red tilapia: evidence of protein 
sparing. Aquaculture, 95 : 305 -318. 
Dhage, K.P. 1968. Studies of the digestive enzymes in the three species of 
the major carps of India. J. Biol. Sci., 11 : 63 - 74. 
Ding, L. 1991. Grass carp, Ctenopharyngodon idella. InR.P. Wilson (ed.), 
Handbook of Nutrient Requirements of Finfish. CRC Press Inc., Boca 
Raton, Florida, USA. pp 89 - 96. 
Dosanjh, B.S., Higgs, D.A.. Plotnikoff, M.D., McBride, J.R., Markert, J.R. 
and Buckley, J.T. 1984. Efficacy of canola oil. pork lard and marine oil 
singly and in combination as supplemental dietary lipid sources for 
juvenile coho salmon (Oncorhynchus kisutch). Aquaculture, 36:333 
-345. 
Dosanjh, B.S., Higgs, D.A., Plotnikoff, M.D., Markert, J.R. and Buckley, 
J.T. 1988. Preliminary evaluation of canola oil, pork lard and marine 
lipid singly and in combination as supplemental dietary lipid sources 
for juvenile fall Chinook salmon (Oncorhynchus 
tshawytscha). Aquaculture, 68 : 325 - 343. 
Duncan, D.B. 1955. Multiple range and multiple 'F' tests. Biometrics, 
11 : 1 - 42. 
Dupree, H.K. 1969. Influence of com oil and beef tallow on growth of channel 
catfish. United States Bureau of Sport Fisheries and Wildlife 
Technical Paper 27, 13 p. 
65 
Durpee, H.K.. Gauglitz. Jr., E.J., Hall, A.S. and Houle, C.R. 1979. Effects 
of dietary lipids on the growth and acceptability (flavour) of channel 
catfish (Ictalurus punctatus). In J. E. Halver and K. Tiews (eds.), 
Finfish Nutrition and Fishfeed Technology. Vol. II. Heenemann, 
Berlin, Germany, pp 87 -103. 
Ellis, S.C. and Reigh, R.C. 1991. Effects of dietary lipid and carbohydrate 
levels on grovtrth and body compositition of juvenile red drum, 
Sciaenops ocellatus. Aquaculture, 97 : 383 - 394. 
Erfanullah and Jafri, A.K. 1993. Effects of dietary carbohydrate level on the 
gro\wth and conversion efficiency of the Indian major carps fingerling, 
Labeo rohita (Ham.): A preliminary study. Asian Fisheries Science, 
6 : 249-254. 
FAO. 1990. Aquaculture Production (1985-1988), FAO Fisheries Circular 
No. 815, revision 2,FAO, Rome. 
Firdaus, S. 1987. Effect of dietary components on the growth and 
haematology of the catfish, Heteropneustes fossilis Bloch. Ph.D. 
Thesis, Aligarti Muslim University, Aligarh, India. 137 p. 
Folch, J., Lees, M. and Sloane Stanley, G.H. 1957. A simple method for the 
isolation and purification of total lipids from animal tissues. J. Biol. 
Chem., 226 : 497-509. 
Garling, D.L. Jr. and Wilson, R.P. 1977. Effects of dietary carbohydrate - to 
- lipid ratios on growth and body composition of fingerling channel 
catfish. Prog. Fish- Cult., 39 : 43 - 47. 
Gatlin, D.M.,III. and Stickney, R.R. 1982. Fall winter growth of young channel 
catfish, Ictalurus punctatus in response to quantity and source of 
dietary lipid. Trans. Am. Fish. Soc, 111 : 90 - 93. 
Greene, D.H.S. and Selivonchick, D.P. 1987. Lipid metabolism in fish. Prog. 
Lipid Res., 26 : 53 - 85. 
Greene, D.H.S. and Selivonchick, D.P. 1990. Effects of dietary vegetable, 
animal and marine lipids on muscle lipid and hematology of rainbow 
trout (Oncorhynchus mykiss). Aquaculture, 89 : 165 - 182. 
Halver. J.E. 1979. Vitamin requirements of finfish. In J.E. Halver and K 
Tiews (eds). Finfish Nutrition and Fishfeed Technology Vol I 
Heenemann, Berlin. Germany, pp 45 - 58. 
66 
Halver, J.E. 1980. Lipids and fatty acids. In Fish Feed Technology. 
Aquaculture Development Coordination Program (ADCP/REP/80/ 
11), United Nations Development Program, FAO, Rome, pp 41 -
53. 
Halver, J.E.(ed.). 1989. The vitamins. In Fish Nutrition, Academic Press 
inc., New York, pp 31 -109. 
Hanley, F. 1991. Effects of feeding supplementary diets containing varying 
levels of lipid on growth, food conversion, and body compositrtion of 
Nile tilapia, Oreochromis niloticus (L.). Aquaculture, 93 : 323 - 334. 
Hardy, R.W. 1989. Diet preparation. In J.E. Halver (ed.). Fish Nutrition, 
Academic Press Inc., New York, pp 476 - 548. 
Hardy, R.W. 1991. Pacific salmon. Oncorhynchusspp. In R.P. Wilson (ed.), 
Handbook of Nutrient Requirements of Finfish.CRC Press Inc., Boca 
Raton. Florida, USA. pp 105 - 121. 
Hardy. R.W.. Iwaoka. W.T. and Brannon. E.H. 1979. A new dry diet with 
alternative oil sources for pacific salmon. Proc. World Maricult. Soc.. 
10:728-734. 
Hardy. R.W.. Scott. T.M. and Hanrell, L.W 1987. Replacement of herring oil 
with menhaden oil, soybean oil or tallow in the diets of Atlantic salmon 
raised in marine net-pens. Aquaculture, 65 : 267 - 277. 
Hasan, M.R.. Alam. M.G.M. and Islam, M.A. 1989. Evaluation of some 
indigenous ingredients as dietary protein sources for the catfish 
(Clariasbatmchus, Llnnaeusjfry. InEA. Huisman, N. Zonneveld and 
A.H.M. Bouvtnmans (eds.), Aquaculture Research in Asia: Management 
techniques and nutrition. Pudoc. Wageningen. pp 125 - 137. 
Hasan, M.R., Moniruzzaman, M. and Omar Farooque, A.M. 1990. Evaluation 
of leucaena and water hyacinth leaf meal as dietary protein sources 
for the fry of Indian major carp, Labeo rohita (Hamilton). In R. Hirano 
and I. Hanyu (eds.). The Second Asian Fisheries Forum. Asian 
Fisheries Society, Manila, Philippines, pp 275 - 278 
Hassan, M.A. and Jafri. A.K. 1994. Optimum feeding rate and energy 
and protein rnaintenance requirements of young Clarias batmchus 
427-438' '^ ^ ^ ^^ ^^ ^^ ^ Aquacult.and Fish. Manage., 25: 
"^^^^niJH'^ • '^ ^ "^' ^ *^  • ^'^*' ^ ^ - S^'"^*' R «"d Usmani. N. 1995. 
Dietary energy and protein interaction - an approach to ootlmizina 
energy: protein ratio in inWian «»oj«r ^«.J: ^  X T Z : . . °'"''".'^'"? 
67 
Heliand, S., Storebakken, T. and Grisdale-Helland. B. 1991. Atlantic 
salmon, Salmo salar. In R.P. Wilson (ed.), Handbook of Nutrient 
Requirements of Finfish. CRC Press Inc., Boca Raton, Florida, 
USA. pp 13-22. 
Henderson, R.J. and Sargent, J.R. 1985. Fatty acid metabolism in fish. 
In C.B. Cowey, A.M. Mackie and J.G. Bell (eds.). Nutrition and 
Feeding in Fish. Academic Press Inc. London, pp 349 - 364. 
Hepher, B.(ed.). 1988. Nutrition of Pond Fishes. Cambridge University 
Press, Cambridge. 388 p. 
Hepher, B. 1989. Principles offish nutrition. In M. Shilo and S. Sarig 
(eds.), Fish Culture in Warm Water Systems: Problems and Trends. 
CRC Press Inc.. Boca Raton, Florida, USA. pp 121 - 141. 
lbeas,C., Izquierdo, M.S., Lorenzo, A. 1994. Effect of different levels of n-3 
highly unsaturated fatty acids on growth and fatty acid composition of 
juvenile gilthead seabream (Spams aurata). Aquaculture, 127 :177 -
188. 
Jafri, A.K., Khawaja, D.K. and Qasim, S.Z. 1964. Studies on the 
biochemical composition of some freshwater fishes 1. Muscle. Fish 
Technol.,1: 148 -157. 
Jafri, A.K. and Anwar, M.F. 1995. Protein digestibility of some low-cost 
foodstuffs in fingeriing Indian major carps. Asian Fisheries Science, 
8 : 47-53. 
Jantrarotai, W., Sitasit, P. and Rajchapakdee, S. 1994. The optimum 
carbohydrate to lipid ratio in hybrid Clarias catfish (Clarias 
macrocephalus x C. gariepinus) diets containing raw broken rice. 
Aquaculture, 127 : 61 - 68. 
Jauncey, K. 1982. Carp (Cyprinus carpio L.) nutrition - A review. In J.F. 
Muir and R.J. Roberts (eds.), Recent Advances in Aquaculture, 
Croom Helm, London, pp 215 - 263. 
Jhingran, V.G. (ed.). 1991. Nutrition of cultivated Fishes. //7Fish and Fisheries 
of India (Revised). Hindustan Publ. Corp.,Delhi, pp 572 - 576. 
Kanazawa, A. 1985. Essential fatty acid and lipid requirement of fish. In 
C.B. Cowey, A.M. Mackie and J.G. Bell (eds.), Nutrition and 
Feeding in Fish. Academic Press Inc.. London, pp 281 - 298. 
Kanazawa. A.. Teshima. S.-l.. Sakamoto. M. and Awal. M.A. 1980. 
Requirement of Tilapla zillU\^^iai6riiM%^ilii^^ai^. Bull. Jap. Soc. 
Sci. Fish.. 46 : 1353 - 13^.^!^ t' ^ Uf No 
68 
Kaushik, S.J. 1995. Nutrient requirements, supply and utilization in the context 
of carp culture. Aquaculture, 129 : 225 - 241 
Khan, M.A. 1991. Protein and amino add requirements, and efficacy of dietary 
fomiulation in some cuKivable finfish species. Ph.D. Thesis, Aligarh 
Muslim University, Aligarh, India. 120 p. 
Khan, MA. and Jafri, A.K. 1990. On the dietary protein requirement of 
Clarias batmchus Linnaeus. J. Aqua. Trap., 5 : 191 - 198. 
Khan, M.A. and Jafri, A.K. 1991. Dietary protein requirement of two size 
classes of the Indian major carp, Catia ca//a Hamilton. J. Aqua. Trop., 
6 : 79 - 88. 
Khan, MA. and Jafri, A.K. 1993. Quantitative dietary requirement for 
some indispensable amino acids in the Indian major carp, Labeo 
rohita (HamiHon) fingerling. J. Aqua. Trop., 8: 67 - 80. 
Kissil, G.W.1991. Gilthead seabream, Sparus aurata. In R.P. Wilson (ed.), 
Handbook of Nutrient Requirements of Finfish. CRC Press, Inc., Boca 
Raton, Florida, USA. pp 83 - 88. 
Krajnovic-Ozretic, M., Najdek, M. and Ozretic, B. 1994. Fatty acids in liver 
and muscle of farmed and wild sea bass (Dicentrarchus labrax L). 
Comp. Biochem. Physiol., 109 A : 611 - 617. 
Lall, S.P. 1991. Concepts in the formulation and preparation of a complete 
fish diet. In S.S. De Silva (ed.). Fish Nutrition Research in Asia. 
Proceedings of the Fourth Asian Fish Nutrition Workshop. Asian Fish. 
Soc. Special Publ. 5. Asian Fisheries Society, Manila, Philippines, 
pp 1 -12. 
Lall, S.P. and Bishop, F.J. 1979. Studies on the nutrient requirements of 
rainbow trout, Salmo gairdneri, grown in sea water arKi freshwater. 
//7TV.R. Pillay and W.A.Dili (eds.). Advances in AquaculturB, Fishing 
News Books, Famham, England, pp 580 - 584. 
Lands, W.E.M. 1986. Fish and human health. Academic Press Inc Oriando 
Florida,USA. 170p. 
Lee. D.J. and Sinnhuber, R.0.1972. Lipid requirements. //? J.E. Halver (ed.). 
Fish Nutrition, Academic Press Inc., New York, pp 145 - 180. 
Lee, D.J. and Putnam, G.B. 1973. The response of rainbow trout to varying 
protein/energy ratios in a test diet. J. Nutr., 103 : 916 - 922. 
69 
Lovell, R.T. 1980. Practical fish diets. In Fish Feed Technology. 
Aquaculture Development and Coordination Programme (ADCP/ 
REP/8Qfl1), United Nations Development Programme, FAO, Rome, 
pp. 333 - 350. 
Lovell, T. (ed.). 1989. The nutrients. In Nutrition and Feeding of Fish. 
Van Nostrand Reinhold, New York, pp 11 - 71. 
Luquet, P. 1991. Tilapia, Oreochromis spp. In R.P. Wilson (ed.), Handbook 
of Nutrient Requirements of Finfish. CRC Press Inc., Boca Raton, 
Florida, USA. pp 169 - 179. 
Maynard, L.A., Loosli, J.K., Hintz, H.F. and Warner, R.G. (eds.). 1979. 
Animal Nutrition. McGraw-Hill, New York, 602 p. 
Metcalfe, L.D., Schmitz, A.A. and Pelka, J.R. 1966. The rapid preparation 
of fatty acid metyl esters from lipids for gas chromatographic 
analysis. Analytical Chemistry, 38 : 514. 
Millikin, M.R. 1983. Interactive effects of dietary protein and lipid on growth 
and protein utilization of age-0 striped bass. Trans. Am. Fish. Soc, 
112. 185-193. 
Mohanty S.N., Swamy, D.N. and Tripathi, S.D. 1990. Growth, nutritional 
indices and carcass composition of the Indian major carp fry C. catia, 
L. rohita and C. mrigala fed four different dietary protein levels. 
Aquaculture Hungarica, 6 : 211 - 217. 
Mugrditchlan, D.S., Hardy, R.W. and Iwaoka, W.T. 1981. Linseed oil and 
animal fat as altemative lipid sources in dry diets for chinook salmon 
(Oncorhynchus tshawytscha). Aquaculture, 25 : 161 - 172. 
• Mukhopadhyay. PK., Hajra, A. and Kamal, M.Y. 1986. Growth response 
of Claries batrachus fed with Isonitrogenous diets with variable 
energy levels. Proc. Nat. Acad. Scl. India, 56(B) : 329 - 334. 
Nematipour. G.R. and Gatlln III, D.M.1993. Effects of different kinds of dietary 
lipid on grov>rth and fatty acid composition of juvenile sunshine bass 
Morone chrysops^X M. saxatilis6. Aquaculture, 114 :141 -154. ' 
Nematipour. G.R.. Nakagawa, H., Kasahara, S. and Ohya S 1988 Fffprtc 
70 
Niamat, R. and Jafri, A.K. 1984. Growth response of the siluroid, 
Heteropneustes fossilis Bloch, fed pelleted feed. AquacuHure, 37 : 
223 - 229. 
NRC, National Research Council. 1983. Nutrient Requirements of 
Warmwater Fishes and Shellfishes. National Academy Press, 
Washington D.C. 102 p. 
NRC, National Research Council. 1993. Nutrient Requirements of Fish. 
National Academy Press, Washington D.C. 114 p. 
Oser.B.L. 1965. Hawk's Physiological Chemistry (14th ed.). McGraw -
Hill Inc., New York. 1472 p. 
Owen, J.M., Adron, J.W., Sargent, J.R. and Cowey, C.B. 1972. Studies 
on the nutrition of marine flat fish: The effect of dietary fatty acids 
on the tissue fatty acids of the plaice Pleuronectes platessa. Mar. 
Biol.,13 : 160- 166. 
Pillay, T.V.R.(ed.). 1990. Nutrition and feeds. A? Aquaculture Principles and 
Practices , Fishing News Books, London, pp 92 - 155. 
Piper, R.G. McElwain, I.B., Omne, L.E., McCraren, J.P., Fowler, L.G. and 
Leonard, JR. 1989. Fish Hatchery Management. United States 
Department of the Interior, Fish and Wildlife Service, Washington, 
D.C. 517 p. 
Ravi, J. and Devaraj, K.V. 1991. Quantitative essential amino acid 
requirements for growth of catia, Catia ca//a (Hamilton). AquacuKure, 
96.281 -291 . 
Reinitz, G. and Hitzel, F. 1980. Formulation of practical diets for rainbow 
trout based on desired performance and body composition. 
Aquaculture, 19 : 243 - 252. 
Reinitz, G.L. and Yu, T.C. 1981. Effects of dietary lipids on growth and fatty 
acid composition of rainbow trout (Salmo gairdneri). Aquaculture, 22 
: 359 - 366. 
Renukaradhya, K.M. and Varghese, T.J. 1986. Protein requirement of the 
carps Catia catia {Ham\\\on)&n6 LabeoroMa (Hamltion). Proc. IrKJian 
Acad. Sci., 95 : 103-107. 
Santha. C.R. and Gatlin, D.M., III. 1991. Growth response and fatty acid 
composition of channel catfish fry fed practical diets supplemented 
with menhaden fish oil. Prog. Fish - Cult., 53 :135 - 140. 
71 
Sargent, J., Henderson, RJ. and Tocher, D.R. 1989. The lipids. In J.E. 
Halver (ed.). Fish Nutrition, Academic Press Inc., New York, pp 
153 - 218 
Satoh, S. 1991. Common carp, Cyprinus carpio. In R.P. Wilson (ed.), 
Handbook of Nutrient Requirements of FInfish. CRC Press Inc., 
Boca Raton, Florida, USA. pp 65 - 67. 
Satoh, S., Poe, W.E. and Wilson, R.P. 1989a. Studies on the essential 
fatty acid requirement of channel catfish, Ictalurus punctatus. 
Aquaculture, 79 : 121 - 128. 
Satoh, S., Poe, W.E. and Wilson, R.P. 1989b. Effect of dietary n-3 fatty 
acids on weight gain and liver polar lipid fatty acid composition of 
fingerling channel catfish. J. Nutr., 119 : 23. 
Schwarz, F.J., Kirchgessner, M., Steinhart, H. and Runge, G. 1988. 
Influence of different fats with varying additions of <£-tocopheryl 
acetate on growth and body composition of carp (Cyprinus Carpio 
L). Aquaculture, 69 : 57 -67. 
Seenappa, D. and Devaraj, K.V. 1995. Effect of different levels of protein, 
fat and carbohydrate on growth, feed utilization and body carcass 
composition of fingerlings in Catia catia {\^am.). Aquaculture, 129 : 
243 - 249. 
Sen, P.R., Rao, N.G.S., Ghosh, S.R. and Rout, M. 1978. Observations on 
the protein and carbohydrate requirements of carps. Aquaculture, 13 
: 245 - 255. 
Serrano, J.A., Nematipour, G.R. and Gatlin, D.M..III. 1992. Dietary Protein 
requirement of the red drum (Sdaenops ocellatusj and relative use of 
dietary cart)ohydrate and lipid. Aquaculture, 101 : 283 - 291. 
Shimeno, S. 1991. Yellowtail, Seriola quinqueradiata. In R.P. Wilson (ed.). 
Handbook of Nutrient Requirements of FInfish. CRC Press Inc., Boca 
Raton, Florida, USA. pp 181 - 191. 
Shimma, Y and Shimma, H. 1980. Influence of the commercial feed oil 
supplement to a fishmeal ration on body and fatty acid composition of 
ayu, Plecoglossus altivelis. Bull. Tokai Reg. Fish. Res. Lab 103 8 3 - 9 1 . •-«»'., "WW . 
^'"®^^nIiJf^y.^'^'2'?'t"l^^**®^®'°P'"®"*«*'^^*esforaquacuft^^ in India, J.lnland Fish. Soc. India, 23 : 99 - 112 M^awjiiuie 
72 
Singh, B.N. 1992. Digestibility of protien and energy from feedstuffs and 
pelleted diets in mrigal, Cirrhinus mrigala (Ham.) and grass carp, 
Ctenopharyngodon idella (Val.). In J.K. Wang and P.V. Dehadrai 
(eds.), Aquaculture Research Needs for 2000 A.D., Oxford and 
IBH Publishing Co.Pvt.Ltd., New Delhi, pp 135 -142. 
Singh, B.N. and Bhanot, K.K. 1988. Observations on protein requirements 
of catia fry, Catia catfa (Ham.), /n M.M. Joseph (ed.). The First 
Indian Fisheries Forum. Proceedings Asian Fisheries Society Indian 
Branch, pp 77 - 78. 
Singh, B.N., Sinha, V.R.P. and Kumar, K. 1987. Protein requirements of Indian 
major carp, Cirrhinus mrigala. Intl. J. Acad. Ichthyol., 8: 71 - 75. 
Sire, M.F., Lutton, C. and Vemier, J.M. 1981. New views on intestinal 
absorption of lipids In teleostean fishes : An ultrastructural and 
biochemical study In the rainbow trout. J. Lipid Res., 22 : 81 - 94. 
Smith, P. 1995. Aquatic feed industry and its role in sustainable aquaculture. 
In Proceedings of Feed Ingredients Asia, 95,19 - 21 September, 1995. 
Singapore, pp 1 - 11 . 
Snedecor, G.W. and Cochran, W.G. 1967. Statistical Methods, 6th edition, 
Iowa State University Press, Ames. 593 p. 
Sokal, R.R. and Rohlf, F.J. 1981. Biometry. W.H. Freeman and Company, 
New York. 859 p. 
• Stickney, R.R. 1984. Lipids. //?E.H. Robinson and R.T. Lovell (eds.). Nutrition 
and Feeding of Channel Catfish (Revised), Southem Cooperative 
Series Bulletin, No. 296, pp 17 - 20. 
Strckney, R.R. and Andrews, J.W. 1971. Combined effects of dietary lipids 
and environmental temperature on growth, metabolism and body 
composition of channel catfish (Ictalums punctatus). J Nutr 101 • 
1703 - 1710. / . ., 
Stickney. R.R. and Andrews. J.W. 1972. Effects of dietary lipids on growth 
^ ^Jno®'^ ?'^ "' ''^ '** ^ ^ ^^ ®^^ composition of channel catfish. J.' 
stickney, R.R. and McGeachin. R.B. 1983. Responses of niaoiaaumato 
We^,ona^Symposium on Tilapia in AquacuKure, Nazareth, l 3 : 
73 
Stickney. R.R. and McGeachin, R.B. 1984. Tissue lipid and fatty acid 
changes in channel catfish (Ictalurus punctatus) fry fed fat-free 
diet. Tex. J. Sci., 36 : 65 - 71. 
Stickney, R.R. and Hardy, R.W. 1987. Lipid requirement of fishes: the enigma 
of wamriwater species (abstract). International Symposium on Feeding 
and Nutrition in Fish, Bergen, Norway. 
Stickney, R.R. and Hardy R.W. 1989. Lipid requirements of some warmwater 
species. Aquaculture, 79 : 145 -156. 
Stickney, R.R., McGeachin, R.B., Lewis, D.H. and Marks, J. 1983. Response 
of young channel catfish to diets containing purified fatty acids. Trans. 
Am. Fish. Soc, 112 : 665 - 669. 
Stickney, R.R., McGeachin, R.B. and Robinson, E.H. 1984. Effect of dietary 
linoleic acid level on growth, food conversion and survival of channel 
catfish. J. World Maricult. Soc, 15 : 186-190. 
Swamy, D.N., Mohanty, S.N. and Tripathi, S.D. 1988. Growth of mrigal 
(Cirrhinus /77/7^a/9;fingertings fed on fishmeal based formulated diets. 
//7M.M. Joseph (ed.). The First Indian Fisheries Forum. Proceedings 
Asian Fisheries Society Indian Branch, pp 81 - 83. 
Tacon, A.G.J, (ed.). 1990.Essential nutrients - Lipids. //? Standard Methods 
for the Nutrition and Feeding of Farmed Fish and Shrimp. Vol.1. Argent 
Laboratories Press, Redmond, Washington, USA. pp 21 - 33. 
Takeuchi, T. and Watanabe, T. 1976. Nutritive value of Ci> 3 highly 
unsaturated fatty acids in pollock liver oil for rainbow trout. Bull. 
Jap. Soc. Sci. Fish., 42 : 907 - 919. 
Takeuchi, T. and Watanabe, T. 1977. Requirement of carp for essential fatty 
acids. Bull. Jap. Soc. Sci. Fish., 43 : 541 - 551. 
Takeuchi, T. and Watanabe, T. 1979. Studies on nutritive value of dietary 
lipids in fish. XIX. Effect of excessive amounts of essential fatty acids 
on growth of rainbow trout. Bull. Jap. Soc. Sci. Fish., 45 : 1517 -
1520. 
Takeuchi, T. and Watanabe. T 1982. Effects of various polyunsaturated 
fatty acids on growth and fatty acid compositions of rainbow trout. 
Salmo galrdneri, cohosalmon, Oncorhynchus kisutch, and churn 
salmon. Oncorhynchus keta. Bull. Jap. Soc. Sci Fish 48 
74 
Takeuchi, T , Watanabe, T. and Ogino, C. 1978. Use of hydrogenated 
fish oil and beef tallow as a dietary energy source for carp and 
rainbow trout. Bull. Jap. Soc. Sci. Fish., 44 : 875 - 881. 
Takeuchi, T., Watanabe. T. and Ogino, C. 1979. Availability of 
carbohydrate and lipid as dietary energy sources for carp. Bull. 
Jap. Soc. Sci. Fish., 45 . 977-982. 
Takeuchi, T. Arai, S., Watanabe, T. and Shimma, Y. 1980. Requirement 
of eel Anguilla Japonica, for essential fatty acids. Bull. Jap. Soc. 
Sci. Fish., 46 : 345 - 353. 
Takeuchi, T. Satoh, S. and Watanabe, T. 1983. Requirement of Tilapianilotica 
for essential fatty acids. Bull. Jap. Soc. Sci. Fish., 49 : 1127 -
1134. 
Takeuchi, T, Watanabe, K., Yong, W.-Y. and Watanabe, T. 1991. Essential 
fatty acids of grass carp (Ctenopharyngodon idella). Nippon Suisan 
Gakkaishi, 57 : 467 -473. 
Thakur, N.K. 1991. Possibilities and problems of catfish culture in India. J. 
Inland Fish. Soc. India, 23 : 80 -90. 
•Thomassen, M.S. and Rosjo, C. 1989. Different fats in feed for salmon : 
Influence on sensory parameters, growth rate and fatty acids in 
muscle and heart. Aquaculture, 79 : 129 - 135. 
Viola, S., Mokady, S., Behar, D. and Cogan, U. 1988. Effects of 
polyunsaturated fatty acids in feeds of tilapia and carp. I. Body 
composition and fatty acid profiles at different environmental 
temperatures. Aquaculture, 75 :127 -137. 
Wang, J.K. and Dehadrai, P.V. (eds.). 1992. Aquaculture Research Needs 
for 2000 A.D., Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi 
414 p. 
Watanabe, T. 1982. Lipid nutrition in fish. Comp. Biochem. Physiol.. 73 B : 3 
- 15. 
Watanabe T, Takeuchi. T and Ogino. C. 1975. Effect of dietary methyl 
5. ^^^^^"^''"^'^^^^"Srowlhofcarp.ll.Bull.Jap.Soc Sci Fish 41:263-269. «wi. • lou.. 
Watanabe. T Takeuchi. T and Ogino. C. 1979. Studies on the sparing effect 
T^^^l v/ ?. *^ /. ^®^^ ^^^'^' '''"«sh Nutrition and Fishfeed Technology. Vol.1. Heenemann. Beriin. Germany, pp 113 -125 
75 
Williams. CD. and Robinson, E.H. 1988. Response of red drum to various 
dietary levels of menhaden oil. Aquaculture, 70 :107 -120. 
Wilson, R.P. (ed.). 1991. Channel catfish, Ictaluruspunctatus. //7Handl>ook 
of Nutrient Requirements of Finfish. CRC Press Inc., Boca Raton, 
Florida, USA. pp. 35 - 53. 
Wilson, R.P. and Halver, J.E. 1986. Protein and amino acid requirements of 
fishes. Annual Review of Nutrition, 6 : 225 - 244. 
Winfree, R.A. and Stickney, R.R. 1981. Effects of dietary protein and energy 
on grovt^, feed conversion efTiciency and body composition of Tilapia 
aurea. J.Nutr., 111 : 1001 - 1012. 
Yingst, W.L., III. and Stickney, R.R. 1979. Effects of dietary lipids on fatty 
acid composition of channel catfish fry. Trans. Am. Fish. Soc., 108 : 
620 - 625. 
Yingst, W.L., III. and Stickney, R.R. 1980. Growth of caged channel catfish 
fingerlings reared on diets containing various lipids. Prog. Fish-Cult., 
42:24-26 . 
Yone, Y, Furuichi, M. and Sakamoto, S. 1971. Studies on nutrition of red 
seabream. III. Nutritive value and optimum content of lipids in diet. 
Report of the Fisheries Research Laboratory, Kyushu University, 1 : 
49 - 60. 
Yu, T.C. and Sinnhuber, R.O. 1975. Effect of dietary linolenic and linoleic 
acids upon growth and lipid metabolism of rainbow trout (Salmo 
gairdneri). Lipids, 10 : 63 - 66. 
Yu, T.C, Sinnhuber, R.O. and Putnam, G.B. 1977. Use of swine fat as an 
energy source in trout rations. Prog. Fish-Cult., 39 : 95 - 97. 
ZeKler, M.H., Kirchgessner. M. and Schwarz, F.J. 1984. Effects of different 
protein and energy supplies on carcass composition of carp (Cyprinus 
carpio L). Aquaculture, 36 : 37 - 48. 
Zhang, Q., Reigh, R.C. and Welters, W.R. 1994. Growth and body 
composition of pond raised hybrid striped basses Morone saxatilisx 
M. chrysops and M. saxatills x M. m/$sissipp/ens/s, fed low and 
moderate levels of dietary lipid. Aquaculture, 125 :119-129. 
